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This report iti divided into five areati of (lhscicssioi as followa: Allowable Limits per square toranicks, pin holes and scratches on printed wiring boards; Study of bItulation resistance on fill clad
laminates; Peel strength after dip solder; Peel strength at elevated temperatures; and a complete
evaluation o(f copper clad paper base epoxy laminiateti. Specimen preptaration, testing methods,
-an analysis of experimental data, aa- where appropriate, recommended specification provisions
are presented under each task..
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i . Introduction

1. 1 Purpose - This report has been prepared to present the results of a study of some of the
physical, mechanical and electrical properties of foil clad laminates for printed wiring
boards, and where appropriate, to submit recommendations for specification revisions,
based on the data taken.

1.2 Background - The successful utilization of printed circuitry in electronic systems. partic.
ularly for military applications, demands careful evaluation, not only of the completed
boards, but of the base material from which they are manufactured. In order to conform
with the Department of Defense Standardization Program, acceptance standards for both
the basic copper clad laminates and the printed circuit boards made therefrom must be
established on an industry wide basis. These standards must fulfill a two-fold purpose:
(1) to ensure that acceptable material is being used to produce acceptable boards. and
(2) that the standards so established must allow the industry to produce these boards with-
out the risk of excessive scrappage because of too many restrictions.

Evaluation of foil clad laminates and printed wiring boards requires examination of phys-
ical, electrical and mechanical properties. In some of these areas, both criteria for
allowable limits and acceptable testing techniques exist. In other areas they may not exist
or may be subject to question by the consumer or the industry. The problem. then is two-
fold; (1) complete criteria for allowable limits must be established, and (2) testing method
must be developed or evaluated from the standpoint of practicability and reproducibility
over a wide range of different types of material produced by many different manufacturers.

Because of the widespread interest in the use of paper base epoxy in the printed circuit
field in the last few years. it has become necessary to evaluate this material with respect
to physical, electrical, and mechanical properties in order to establish property values
for the various parameters measured in MIL-P-13949B.

1.3 Scope - The scope of this study has been broken down into five tasks. Task A is concerned
with establishing criteria for allowable limits per square. for pin holes, nicks and
scratches on printed wiring boards. The work accomplished and reported under this task
is concerned with fabrication of test specimens, completion and testing of the circuit cle-
sign for measuring temperature rise in a copper conductor, testing of the specimens and
evaluation of the effect of the temperature increase by making peel strength measurements
on specimens already tested, Task B is concerned with the evaluation of "bullseye" and
"comb patterns" presently used by the military and commercial organizations for measur-
ing insulation resistance of copper clad laminates, and to establish a method of measuring
insulation resistance which is practicable and reproducible when tested in a humidity cham-
ber at specified conditions. (10 cycles of method 106-MIL-STD-202A). The work accom-
plished under this task includes the modification of the insulation resistance test design.
special cleaning procedures for the bullseye and comb pattern test specimens. and analysis
of the experimental data. Task C is concerned with the collecting of peel strength data on
copper clad laminate test specimens after dip solder, and to evaluate the reproduceability
of these results by comparing them with values obtained when controlled amounts of solder
are used. Task D is concerned with perform.ning peel strength tests at elevated tempera-
tures in accordance with the test method in MIL-P-13949B. 1he work accomplished under
this task involves specimen preparation and design and construction of a peel strength
chamber. Task E is concerned with the complete evaluation of paper base epoxy laminates
in accordance with the requirements of MIL-P-13949B, so that this material can be includ-
ed in the next revision of the specification.

1, 4 References - The following documents have been used to start the work reported on. Spec-
ifications and standards marked with an asterisk (*) are considered of particular irterest
to the tasks.
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MILITARY SPECIFICATIONSj

*MIL-P-13949B Plastic Sheet, Laminated, Copper Clad (for Printed

Wiring)
MIL-P-22324 (Ships) Plastic Sheet, Laminated, TIhermosetting, Paper Base,

Epoxy Resin i
*MIL-P- 55110 Printed Wiring Boards

*MIL-R-978 (Ships) Reports and Microfilm: Research and Development

(for Electronic Equipment)

MILITARY STANDARDS

*MIL-STD-202A Test Methods for Electronic and Electric Component

Parts; Method 106A, Moisture ResistaDce; Method 302,
Insulation Resistance

*MIL-STD-275A Printed Wiring for Electronic Equipment

FEDERAL SPECIFICATIONS

*L-P-406B Plastics, Organic: General Specifications. Test

Methods

Method 7031 Water Absorption Test

Method 2021 Flammability of Plastics over 0. 050
Inch in Thickness

*American Society for Testing Materials

Designation D570-54T Water Absorption of Plastics

Designation B193-49 Method of Test for Resistivity of Electrical Conductor
Materials

Miscellaneous Publications

*SCL-6225 Design Requirements for Auto-assembled Army Signal
Electronic Equipment

*SCL-2101K Signal Corps Technical Requirement; Technical Reports

Books and Pamphlets

"Instruction Manual, Model 610A, Multi-Purpose Electrometer and Accessories". Keithley
Instruments, Inc.

"Instruction Manual, Sargent-Slomin Analyzers, Catalog No~s 24.459-65"! E. H. Sargent & Co.

"Do's and Don'ts for Fabricating Laminates", General Electric Company.

"Manual Instructions, Dillon Test Machine", Model M-Serial 577 by W. C. Dillon and Company.
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I "Operating Instructions, for Type 544-B Megohm Bridge", General Radio Company.

"Directions for Kelvin Bridge Ohmeter No. 4285", Leeds & Northrup Company.

I "Instruction and Operating Manual for Vacuum Tube Voltmeter, Model 412A", Hewlett-Packard
Company.' "Instructions for The Operation of, Missimers Model M3.3 Modular Test Chamber, Missimers

Incorporated.

I Progress Reports

"Characterization of Metal-Insulator Laminates", by D. S. Hoynes, April 1953 through April 1954,
National Bureau of Standards Report No. 3392.

"Characterization of Metal-Insulator Laminates", by D. S. Hoynes, January 1955 throughI December 1955. National Bureau of Standards Report No. 4283.

"Specification Development Report on Elevated Temperature Bond Strength of Copper Foil CladI Plastic Laminates for Printed Circuitry", Lab. Project 5315-161 Final Report, 12 December 1958,
Bureau of Ships.

i "Specification Development Report on Elevated Temperature Bond Strength of Copper Foil Clad

Plastic Laminates for Printed Circuitry". Lab. Project 5315-161, Progress Report 1, Bureau of
Ships Problem No. ST-161. 14 August 1958.

I "'Evaluation Report of Electrical Resistance of Foil Clad Phenolic and Epoxy Laminates", Lab.
Project 4960-C-61. 5-100, Final Report, Problem No. 1101-C-61. 5-100 Allotment 600008/56.
Bureau of Ships, 28 December 1956.

I "Insulation Research Program", Progress Report, June I to September 1, 1959, University of
Delaware.

I "Insulation Research Program", Progress Report, September 1, to December 31, 1959. Univer-
sity of Delaware.

I "Insulation Research Program", Progress Report, January 1, to April 25, 1960, University of
Delaware.

' "Insulation Resistance Program", Summary of Investigations and Results, Joint ASTM-EIA- NEMA
Project, May 20, 1060, University of Delaware.

' "Minutes of Joint Steering Committee on Insulation Research", May 25, 1960, University of
Delaware, Newark, Delaware.

"Resistivity - Its Meaning and Significance", by Milton G. Young, Symposium Paper, Sponsored
by the American Society of Testing Materials, ASTM Meeting at Detroit, Michigan, October 6,
1960.

I "Use of Low Cost Foil-Clad Paper Base Epoxy Laminates for Printed Wiring Boards", H. L.
Uglione, Jr. Insulation, September 1960.

I Progress Reports and Communications

Contract No. DA36-039 SC85383, Letter to Commanding Officer U. S. Army Signal Equipment
S Support Agency, Fort Monmouth, New-Jersey, Attention: Mr. A. Z. Orlowski, from U. S.

Engineering Co. Division Litton Industries, July 27, 1963.
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First Quarterly. Progress Report, "Studies and Surveys in the Field of Printed Circuit Boards and
Foil Clad Laminates" 1 July 1960 to 30 September 1160. Contract No. DA 36-039 SC85383.

Second Quarterly Progress Report, "Studies and Surveys in the Field of Printed Circuits and Foil
Clad Laminates 1 October to 31 December 1960. Contract No. DA36-039 SC85383.

Third Quarterly Progress Report, "Studies and Surveys in the Field of Printed Circuit Boards
and Foil Clad Laminates" 1 January to 31 March 1961. Contract No. DA36-039 SC85383.

1.5 Conferences - A meeting was held on July 5 and 6, 1960 between representatives of the
U. S. Engineering Co. and USASESA to discuss the tasks assigned under the contract. As j
a result of this meeting, it was decided that work on Task E, the evaluation of paper epoxy
should be started immediately, rather than left until last as had been originally planned.
On July 8. a meeting was held between representatives of U. S. Engineering Co. and Mr.
D. S. Hoynes of the Bureau of Standards. This discussion covered previous work done in
measuring and evaluating current carrying capacities of varying widths of printed circuit
conductor lines. Copies of the reports covering this work were obtained. On July 11, a
meeting was held at the University of Delaware with Professor M. A. Young, concerning
a research program being conducted under a joint industry sponsorship on insulation re-
sistance of copper clad material. Although their measurements were being taken at a
constant temperature and humidity, as opposed to the variable conditions required by
Method 106 of MIL-STD-202, considerable valuable information was -received on techniques
of measurement on parts under humidity chamber conditions. On September 8 and 9, a
meeting was held at U. S. Engineering Co. with Miss Sarah Rosen of USASESA. This
meeting covered discussions of the progress made, and plans for balance of the work on
all the tasks, with particular emphasis on the evaluation of copper clad paper base epoxy.
On October 10 through 12, a meeting was held at U. S. Engineering Co. with Mr. A. Z.
Orlowski of USASESA, General discussions were held concerning the progress of the pro-
gram. At this meeting, following an inspection by the USASESA representative, permis-
sion was granted to allow the Delsen Co., a local Engineering Testing Company to
subcontract the dielectric testing necessary for the completion of Task E. the evaluation of
paper epoxy.

On October 23 through 27 visits were made to the following companies to determine if any
work was being done which might be of value or be worth including in this program:

Martin Company - Denver, Colorado. Talked to Mr. Frank Lane and Mr. Lew Charles.
They stated that the only work which had been done which might be of value was some
earlier work on current carrying capacity of conductor lines, but the report was not im-
mediately available.

Sperry Utah Engineering Laboratories - Salt Lake City, Utah. Talked to Mr. T. A.
Roberts. Standards Engineer. No work being done which would be of value.

Boeing Airplane Company - Seattle, Washington. Visited Mr. J. D. Rough. Mr. Bob
Cockrell. Boeing has done a considerable amount of work on material evaluation, but
unfortunately, it does not fall into the present requirements of MIL-P-13949B. and there-
fore would be of little use.

From December 4 through 16, a series of visits were made to other companies and mili-
tary installations, as well as USASESA, These are outlined below:

Dec. 7 - A repeat visit was made to Professor Young at the University of Delaware to re-
view ineasu.rement techniques of Insulation resistance in the humidity chamber, and pick
up any additional data which may have been accumulated since the last visit.
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Dec. 11 and 12 - A meeting was held with USASESA representatives during this period to
discuss progress of the various tasks, and particularly the final data on the evaluation of
copper clad paper epoxy. Some suggestions for tabulating the data were made and final
specification values were discussed.

Dec. 13 - Visited Wright Air Development Depot at Dayton. No Material evaluation work
which would be suitable for this study is being done there.

Dec. 14 - Indianapolis. Naval Avionics Facility, Mr. Donald Martz. Considerable active
printed wiring board research going on at this facility, but no data was available which
would fall within the scope of this study.

From March 21 through March 30, the following visits were made:

Sperry Company, Great Neck, N. Y.

General Electric LMD, Syracuse, N. Y.

Chrysler Missile Division

Burroughs Company. Detroit, Michigan

Collins Radio Company, Cedar Rapids, Ia.

On June 8 and 9 a meeting was held at the U. S. Engineering Co. with Mr. A. Z. Orlowski
of USASESA. The third quarterly progress report was reviewed, and final plans were
made for completing the program.

2. Task A - Allowable Limits Per Square of Nicks, Pin Holes and Scratches on Printed Wiring
Board.

2.1 Approach

To measure and 3valuate the effect of cross-sectional area reduction on the current
carrying capacity of a specified length of conductor, a series of artworks were designed
to produce printed wiring boards with conductor lines of different widths, having increasing
degrees of area reduction represented by notches of measured depth. By plotting the in-
crease in temperature of the conductor at the point of reduction against the current through
the conductor, a series of curves were established, allowing the comparison of the temper-
ature effect of successively deepening notches with a line having no reduction. It had been
originally planned to use a 40 0 C. rise as an arbitrary upper limit for temperature increase,
but it became apparent that tests should be performed to the point of destruction. (The
point of destruction is defined as the point at which there is a separation of the copper from
the base material due to heat developed by a current overload. ) After temperature testing.
pull tests were made on the individual circuit lines to determine at what point the tempera-
ture increase which developed at the point of reduction began to effect a degradation of the
bond strength of the copper to the base laminate.

Temperature rise tests were also performed on production type circuit boards which
had nicks, pin holes, and scratches in the circuit. The data on temperature rise versus
current were recorded and a tentative design chart for determining current carrying ca-
pacity and temperature rise for 1 and 2 oz. copper was drawn.

A tentative non-destr'uctive electrical test for evaluating tbe effect of nicks, pin holes
and scratches on printed wiring boards is presented in Appendix'Orat the back of the report
under a given set of electrical and physical conditions. This test will provide a standard
for determining the degree of reduction which may be safely allowed per square, or per
given length of conductor.

!



2.2 Specimen Fabrication I
Artwork was produced for three types of test patterns which were printed and etched

on various types of copper clad laminates. Each pattern was marked with letters A. B and
C respectively. The three types of test patterns are illustrated in Figures 1, 2 and 3. U
The percent reduction of width for each conductor was measured at the notched area. (See
Figures 1. 2 and 3. ) The dimensions of each test pattern were checked on an optical com-
parato" and it was established that the test patterns were within ±0. 1 Mil of the required I
dimensions. The conductor width, at the notch area for each type of test pattern is given
below: 'i

PATTERN 
"A"

Strip No. Conductor Width in Inches at Notch

1 0. 100 (No reduction)

2 0. 090 (10% reduction)

0. 080 (20% reduction)

4 0. 070 (30% reduction)

5 0. 060 (40% reduction)

6 0. 050 (50% reduction)

PATTERN "B"

Strip No. Conductor Width in Inches at Notch

1 0. 047 (no reduction)

2 0. 035 (25% reduction)

3 0. 024 (50% reduction)

4 0. 020 (60% reduction)

PATTERN "C"

Strip No. Conductor Width in Inches at Notch

1 0. 047 (No reduction)

2 0. 035 (25% reduction)

3 0. 024 (50% reduction)

4 0. 020 (60% reduction)

Pattern "C" has five individual notches in Strips 2, 3 and 4. (See Figure No. 3.)
These additional notches in each strip of Pattern "C" were added to see what effect this
might have on the temperature rise of each copper conductor.

The general procedures for printing and etching the test specimens are otlined in
Appendix B of the report. After the boards have been prepared, as outlined in Appendix B,
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terminals were soldered to each copper strip of each test board. The distance between
terminals was 3. 000 inches. The cross-sectional area of the terminal chosen was large
enough to carry the maximum current used during the temperature versus current incas-
urments without effecting the results. The specimens were recleaned and bagged ill a
polyethylene bag after the terminals had been soldered in place.

Additional test specimens were produced where nicks, 1 in holes, and scratches were
inscribed in several production type circuit patterns. The general printing and etching
procedures for these test boards are outlined in Appendix B at the back of the report.

2.3 Measuring Eouipment

The basic circuit layout for measuring temperature rise is illustrated in Figure No.
4. Figure No. 5 shows the completed test equipment 3et up for measuring temperature
rise in a copper conductor. Figure No. 6 shows the test setup for testing test boards 15 to
21. The following equipment was used for measuring temperature rise:

1. Model 931 D. C. Ampere Meter

2. 20 Amp. Shunt

3. 8 Ohm. 50 Watt Rheostat

4. Two (125V-25Amp) Knife Switches

5. One 6 volt Battery (130 Ampere hours)

6. Fenwal Temperature Meter (Model 58301-5)

7. Thermistor Bead Sensing Device (Fenwal No. GB34P92)

8. TW #8 Solid Copper Wire

9. Universal Timer (Model 167)

10. ,lagabi Carbon Pile Rheostat (Model #10-. 018 to 1. 8 ohms Resistance).

2. 4 Testing Procedure

The following test procedures were used to collect experimental data on temperature
rise versus current for test patterns A, B and C as illustrated in Figures 1, 2 and 3 of the
report and test boards 15 through 21. The test board was placed in the sample holder and
the two circuit wires with connectors were positioned on tile respective terminals of the
conductor to be tested. This can be seen in Figures No. 5 and 6.

The following test procedure was followed for test boards 1 through 14.

The thermistor bead scnsing probe was placed in the middle of the conductor at the
point of area reduction and secured with a plastic adhesive. While the adhesive was drying
(20 minutes to dry), the Fenwal temperature meter was turned to on position to measure
the ambient temperatures around the conductor test area. An 8 ohm rheostat was used in
the circuit to better control the lower current range (I to 51 ..... T.le abie.. n.pera-
ture was recorded and current was allowed to flow in the copper conductor. Temperature
readings were taken at 1 ampere intervals.

It took 5 to 6 minutes for the current to stabilize before the temperature was recorded
Measurements were made up to a temperature rise of 40 0 C above ambient. When the
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Figure No. 6. Modified Test Set up for Measuring Temperature Rise

0n LProduction Type Boards

10



measurements were completed on one conductor of pattern A, 13 or U (see Figures 1, 2 or
3), the thermistor probe was switched to the next conductor. The adhesive around thp
thermistor probe was removed by using methyl ethyl ketone solvent. The same procedure,
as described above, was repeated on each successive conductor to be tested.

To obtain data on conductor lines or production type boards, the above teoting pro-
cedure was altered to allow measurements regardless of conductor configuration. Test
boards 15 through 21 were then tested by the following procedure.

The degree of cross-section area reduction was established for nicks or pin holes by
physical measurement of the reduced area on an optical comparator, The area reduction
generated by a scratch was established by measuring the width of the scratch on the com-
parator. and the depth using a sharp pointed probe on a dial indicator with a surface plate
and height gage.

The test board was then placed in the specimen holder. (See Figure No. 8. ) The
thermistr bead was put in the therrmister bead holding device as shown in Figure No, 7.
This holding device enivbled the thermistor bead to be positioned at any desired point on the
test board where a temperature measurement was to be made, and was designed to insure
firm contact with the surface of the conductor. After the thermister bead was positioned
at the desired measuring point on the conductor, ihe iwo e'iectau.de Wire conn.ct.rs, e.
positioned on both sides of the thermistor bead. (Distance between electrodes varied be-
tween 0. 750 inch to 1. 50. inches. ) Figure No. 9 shows the high current terminal that was
used as electrodes, A visual inspection was made, to see that proper physical contact was
made between electrodes and the surface of the copper conductor. From this point the
testing procedure was performed in the same manner as the test procedure for test boards
1 through 14, except that the application of a plastic- adhesive was not necessary because of
the thermistor bead holding device which supported and held the bead itself. (See FigureNo, 7. )

2.5 Analysis of Temperature Rise Measurements

Fourteen test boards, were tested and data collected and presented In Tables I to XIV.
The temperature versus current data is plotted and reported in Figures 10 to 31,. The test
time reported in Tables I to XMV refers to the time required for each temperature to sta-
bilize.

The tabular and graphical data reported on the fourteen test boards Include the fol-
lowing types of base laminates, copper weight and type of test pattern used on each test
board.

Test
Board Laminate Approx. Test

No. Base Laminate Thickness Weight Pattern

1 Paper Phenolic (PP) 1/16 In.. I oz. A

2 Paper Phenolic (PP) 1/8 In. 1 oz. A

3 . Paper Phenolic (PP) 1/8 in. 2 oz. A

4 Paper Epoxy (PX) 1/16 in, 1 oz. A

5 Paper Epoxy (PX) 1/8 Ill. 1 Oz.. A

6 Paper Epoxy %PX) 1/8 io. 2 Oz. A

11l
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Test
Hoard , inaf P Approx Tet

No. Base Laminate Thickness Weight Pattern

7 Glass Epoxy (GE) 1/8 in. 2 oz. A

8 Glass Silicone (GS) 1/8 in. 2 oz. A

9 Paper Epoxy (PX) 1/8 in. 1 oz. B

10 Paper Epoxy (PX) 1/8 in. 1 oz. C

11 Paper Epoxy (PX) 1/8 i. 2 oz. B

12 Paper Epoxy (PX) 1/8 i. 2 oz. C

13 Glass Silicone (GS) 1/8 in. 2 oz. B

14 Glass Silicone (CS) 1/8 in. 2 oz. C

The Paper Phenolic and Paper Epoxy base laminate board material showed no dif-
ference in the effect of temperatu' e 'Ise on the copper conductor. Test boards 1 to 8 using
Pattern "A" (Figure No. 1) showed that a variation in the conductor line width of• to
0. 100 inch at the notch had very little effect on temperature rise in the conductor.0°b-

A smaller conductor line width was made (See Pattern "B", Figure No. 2) in order to
see if there would be any further temper.ture difference as a result of reducing the line
width of a copper conductor from l to 0. 020 inches. See boards 9, 11 and 13 for test
data. 0, 0q.1

Pattern "C" (See Figure No. 3) was made to evaluate the effect of multiple notched
areas in a copper conductor. Test boards 10. 12 and 14 test results showed that multiple
notched areas had no effect on temperature rise.

Peel strength measurements were made on conductors which had been measured for
temperature rise. To compare the peel strength data of the tested boards, peel strength
tests were performed on test boards not tested for temperature rise values. Table XV
shows the peel strength data on boards 1 to 8 not tested for termnperature rise values.
Table XVI shows the p)cel strength values on test boards 1 to 9 respectively and boards 11
and 13 subjected to teimperature versus current measurements,

Comparing both tables with respect to peel strength test results. the following re-
sults were:

Increased Peel Strength

Material After Test (lbs/inch width)

I oz. - Paper Phenolic (XXXP) 0. 60 lbs,

2 oz. - Paper Phenolic (XXXP) 1. 00 lbs.

1 oz. - Paper Epoxy (PX) No change

2 oz. - Paper Epoxy (PX) No change
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Increased Peel Strength

Material rTest flb/ width)

2 oz. - Glass Epoxy (GE) 1.00 lbs.

2 oz. - Glass Silicone (GS) 2. 00 lbs.

The slight increase in peel strength of those boards subjected to heat produced from
the current was probably caused by some additional curing of the bonding resin.

Figure No. 32 shows various conductor line width on production type circuit boards.
Line widths shown in Figure No. 1 vary from Doom of an inch.

LO,0;0 o O, /o 0
In order to establish the temperature at which a copper conductor would separate from

the base laminate, several tests were performed on 1 and 2 oz. copper test specimens.
The test results are as follows:

Conductor
Copper Width Current Temperature

Laminate Type Weight at Notch (Amperes) (oF)

Paper Epoxy (PX) 1 oz. 0. 020 Inch 9.0 350

Paper Epoxy (PX) 2 oz. 0. 035 Inch 9.0 350

Paper Epoxy (PX) 2 oz. 0. 035 Inch 13.5 375

Glass Silicone (GS) 2 oz. 0. 035 Inch 15.0 350

Glass Silicone (GS) 2 oz. 0. 047 Inch 17.5 475-500

All five tests were performed on 1/8 inch thick material and the pattern used was
"C". The point at which the temperature was read was at the point of destruction. The
point of destruction being defined as the point at which there is a visible sign of separation
of the copper conductor from the base material.

Results on test boards 15 through 21 are reported in tables XVII through XXIII. These
test board patterns differed from test boards 1 through 14 in that nicks, pin holes, and
scratches were deliberately inscribed at random on production boards to obtain closer data
on actual production parts. The board number, type of base laminate, copper weight. and
temperatures at which copper discolored are given below:

Copper Temperature at which
Board No. Base Laminate Weight Copper Discolored

15 Paper Phenolic (PP) 1 oz. 210°F

16 Paper Phenolic (PP) 2 oz. 200 0 F

17 Paper Epoxy (PX) 2 oz. 192-200°F

18 Glass Epoxy (GE) I oz. 206-238°F
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The test results on boards 15 through 21 show an average temperature rise above
ambient or3, 1 and 2 oz. copper of 65 0 C. , measured at the points of maximum conductor
cross-sectional reduction. This point, while indicating the first visible evidence of damage
to the conductor from heat, is still well below the actual temperature of destructive separ- f
ation of the conductor from the base laminate. In view of this, it would seem that the orig-
inal premise of an allowable temperature rise of 40°C above ambient was reasonable, and
is derated sufficiently to allow an adequate safety margin. It is recommended that this
figure be retained as a maximum allowable temperature rise above ambient for both 1 and
2 ounce copper conductors.

From the data presented in Tables XVII through XXIII and data plotted in Figures No.
33 and 34. a maximum of 400C temperature rise above ambient for both 1 and 2 oz. copper I
is recommended for both of these copper weights.

2. 6 Conclusions

The following conclusions are based on the work performed and test results reported
under Task A:

1. A 50% reduction in conductor cross-section area has very little effect on the apparent
temperature increase of copper conductor line width from 0. 047 to 0. 100 of an inch,
within a range of current values which do not allow an overall increase in temperature
beyond 400C above ambient.

2. Multiple notches in a single copper conductor apparently will not have any further effect
on temperature rise than a single notch in a copper conductor. (When the area of the
notch is the same in each case. )

3. A 400C temperature rise for both 1 and 2 oz. copper (above ambient) for conductor line
width of . 020 to . 100 or greater was found to be a safe temperature rise limit without
destruction to either the copper conductor or base laminate.

4. It is apparent, both from temperature rise values established from special copper con-
ductor test strips, and from conventional boards tested that copper conductors produced
on various base laminates will vary in temperature rise and temperature at which the
copper conductor will lift from the base material. It is most logical to assume (based
on temperature rise, peel strength data, and destructive tests) that the base laminate
resin and reinforcement have an influence on the temperature rise of a copper conductor,
peel strength and temperature at which a conductor will separate from the base laminate.

The followiig statements can be made about the influence of paper and glass base laminates
on temperature rise, peel strength and temperature at which copper conductor will lift from
the base laminate:

a) 1 and 2 oz. copper on a paper base laminate (using a phenolic resin system) giveu a
lowdr peel strength than glass base laminate when subjected to temperature rise vs cur-
rent measurements.

b) 1 and 2 oz. copper conductors on glass base laminates (using epoxy or silicone resin
system) will give approximately 1 to 2 pounds per inch width greater pull strength when
tested after temperature rise measurements.

c) r and 2 oz. copper conductors on glass base laminates carry more current than the same
copper conductors on paper base laminates.
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Ginsg i,,n!forcirn material acts as a lemter heat sink than paper reinforcing material.

One i)ossible reason for this is the hcat :-apacity value for giasb '- l- h-,,,r

type of resin system will effect temperature rise measurement but the reinforcing material
plays a greater role in influencing the current carrying capacity of a copper conductor be-
fore destruction.

To assure reliability and minimize the possible effects of long time application of elevated
temperatures which could cause ultimate degradation of the bond to failure, the following
specification limitations are recommended.

1. For any given I inch length of conductor, individual nicks or pin holes or combination
of nicks and pin holes which expose the base laminate, or any scratch shall not reduce
the croso-section area of the conductor by more than 30%.

2. For any given I inch length of conductor no combination of nicks or pin holes which ex-
pose the base laminate, or any scratch shall be acceptable when the cross-section area
at the point of maximum reduction shows a temperature increase in excess of 400 C when
examined in accLI'dance with the procedure outlined in Appendix B.

3. Task B - Insulation Resistance

3. 1 Approach

The primary purpose of this task is to evaluate "bullseye'' and "comb'' patterns presently
being used in industry for measuring insulation resistance, to establish a method which is
both practicable and reprcducible in laboratories for measuring insulation resistance under
humidity chamber conditions, and to compare the reproduciability of results obtained from
bullseye patterr's with the various conih patterns being used. when measured under these
conditions.

To accomplish this. a conventinnal humidity chamber designed to reproduce the temperature
and humidity requirements of MIL-Std-202 has been redesigned and modified to allow the
simultaneous testing and measurement of a number of samples while undergoing condition-
ing. Special precautions were taken in the redesign I ) minimize the possibility of any er-
roneous readings resulting from leakage to the chamber or between specimens.

3.2 Specimen Fabrication

The bullseye and comb pattern test specimens were prepared according to steps outlined in
Appendix B at the end of the report. The test specimens were not cleaned and dried as
outlined in Appendix 11 Ibut two alternate cleaning procedures were used. The purpose of
having two different clcaning procedures was to see what effect, if any. a variation of
cleaning after etching would have on insulation resistance of the test specimens.

The two procedu(Ires are outlined Ibelow:

3.2. 1 Identification of Test Boards with Respect to Cleaning

Test boards 1 through 30 and Ill through 126 (see Table XXXII for test board type
and other informalion) were cleaned by the following method:

1. Washed with tap water at 60 to 900 F for several minu'tes.

2. Scrubbed with Grade FF Pumice to remove resist and wipe with a lint free cloth
moistened with methyl ethye ketone (MEK). (Care was exercised to avoid
abrading the adhesive layer with the pumice. )
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• T!mmt:-•d in, 10% oxalic solution at 60-90°F for 15 to 20 minutes. Solution was i
agitated periodically.

4. Scrubbed with a plastic bristle brush under running water. (60-90oF tempera- j
ture).

5. Rinsed in distilled water and dry with filtered air. 1
6. Specimens were than handled with nylon lint-free gloves and dried for one hour

in an air circulating oven at 80° ±:3tC.

Teýst Boards 31 through 110 were cleaned by this procedure:

1. Scrubbed with pumice or Ajax and Tempico brush.

2. Rinsed 1-2 minutes in spray water rinse. t
3. Rinsed 4-6 minutes in running water rinse.

4. Immersed in versene solution (1 oz. per gallon) for 2-4 minutes.

5. Rinsed 2-4 minutes in hot (min. 155 0 F) deionized water.

6. Blown dry with clean filtered air and then bagged immediately.

All handling during cleaning was done with white cotton gloves.

3.3 Design of Humidity Chamber

The basic re-design of the chamber involved the replacement of two walls with removable
modular units containing all of the necessary internal connections, feed-thru leads, and
external tie points for electrical measurement. The internal connections consist of three
spring contacts for each test board. These were originally mounted on four teflon strips.
with twelve test board positions per strip. Preliminary measurements indicated that too
much electrical leakage was occurring in the system and it was necessary to reduce the
number of positions per strip and to cut each teflon strip into three pieces to provide air
gaps. Original 20 gauge teflon insulated wire was replaced with teflon insulated shielded
coaxial cable (Type RG-142V). These steps reduced the leakage to 0.03 to 0.04 x 10-11
amperes which was small enough to have no measurable effect on final insulation resistance
values.

The teflon coaxial cables were led through the wall of the module, three for each specimen
position, and brought out to a plexiglas terminal board mounted on the outside of the unit.
Three banana plug jacks were provided for each internal specimen position and the teflon
coax leads were soldered to these jacks. Heavy grounded copper bus bars were provided
on the terminal boards to allow all positions except the one actually under measurement to
be grounded. This grounding minimized the possibility of any stray currents affecting re-
sistance readings. The specimen identification or location was done as follows: One panel
was marked I, the other II. Each row was lettered, starting with letter A. Panel I. con-
sisting of four rows, was marked A, I, C and D. In each row numbers 1 through 14 were
marked below each set of three hanna plug positions. For example. a specimen identified
as I-B4 would mean panel I in row B position 4.

For the wiring and plug arrangement of the modular side panels, inside view of humidity
test chamber showing specimen holder arrangement, and the humidity chamber Model
M3.3, see Figure No. 35, 36 and 37.
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Figure No. 35. Wiring and Plug Arrangement of the Modular Side Panels

_J

Fig-,ure No. 36. Inside View of Humidity TPest Chamber Showing
Specimeni Holder Arranigement B oSIT~ POSL REP-RODUCTIOWT

FROM COPY FURNISHjED ASTIA

83



4I

Figur~e No. 37. Missiniers Model M3. 3 Modulor Test Chamber
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I . hiiiovwing information c:;c zczn in Fir,,rpQ .18. Iq 40 and 41:

1. Special design of the insulation resistance specimen holder.

2. The mounting board for test specimens.

I 3. The electrode connector design for the insulation resistance measurements.

4. Humidity chamber portable side panel.

3.4 Testing Procedure

3.4.1 Equipment - Because of the critical nature of the measurements which had to be
made and the need for delicate and precise readings, the choice of instrumentation
wvas vital.

I Fortunately a program was already underway at the University of Delaware,
sponsored jointly by EIA. ASTM and NEMA under the guidance of Professor M. A.
Young. which also required Ihe measurement of insulation resistance under chani-
ber conditions.

A rigorous survey of available instrumentation had already been made and the re-
suits of this study were made available to us through reports and consultation. As
a result it was decided to measure curr-ent and voltage through tie samples rather
than resistance and calculate the resistance values later. A Keithley Model 610A
Electrometer was used lo measure current, and the voltage was supplied by a DC
Power Supply with the voltage constantly monitored by a Hewlett-Packard Model
412A Vacuum Tube Voltmeter.

1 3.4.2 Procedure - The Keithley Electrometer, Power Supply and the VTVM were turned
on to allow a warm-up period of 30 minutes for the instruments. During any period
when measurements on the test specimens were not being taken. leads of all speci-
oens were shorted to the ground to prevent a build-up of electrostatic charge which
is caused by air friction in the humidity chamber. Figure No. 42 shows the basic
electrical circuit. At the end of 30 minutes. each specimen was disconnected from
ground and current readings were taken. The specimen was energized with 500 volts
for one miniute before the current was read. Measuring insulation resistance by the
indirect method enables an accuracy of ±t 6% at 1014 ohms range to be reached
(current measured with a Keithley Electrometer Model 610A). At the end of each
current reading the specimen just tested was grounded before the next specimen was
measured. The 500 volt line voltage was monitored continuously with a Hewlett-
Packard Model 412A Voltmeter. Referring to Figure No. 42. leads 1 and 2 are
merely changed for measuring volume resistance. The insulation resistance meas-
urements were performed on the bullseye test pattern by applying the potential
across the outer and center ring of the bullseye pattern.

i The insulation resistance readings on test patterns in MIL-P-55110 and SCL-0225
were taken by applying the potential across opposite leads on the test patterns
respectively, making a two-electrode system,

Tho dimensions of the bullseye and comb test patterns are as follcws:

I 1. Bullseye Pattern - The upper electrodes are in the shape of a circle, 2 inches
in diameter. A1/4 inch wide guard is located concentrically x. ith respect to the
upper electrode and spaced 1/4 inch from it. The bottom elec -ode is 3 inches
in diameter with the shape of a circle.
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Figure No. 39- Mounting Board For Test Specimens
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F5-40 NC2A

*750 VTHD.

V1S.. .. ~ '71. liii ______
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Figure No. 40. Electrode Connector Designs For
Insulation Resistance Measurements
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Figure No. 41. Humidity ChambevI~rf sjjb LSide Baud
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Figure No. 42. Measuring Circuit for Surface Resistance

2. Comb Pattern - This pattern is made up of five individual comb patterns, three
having 5 copper conductors and two with 3 conductors. All 5 combs are meshed
into one large pattern as shown in Figure No. 43 (Specimens I-H7 and H9). All
of the individual conductors are 0, 031 inch in width. The air gap between each
conductor is 0. 050 inch, and the lengthl of each conductor is 1. 3800 inches.

3. Insulation Test Pattern - (Per SCL..6225) was followed as described in Military
Specificati~on No. SCL,-I!R 'see Figure No. 56 for test pattern design).

4. Insulation Test Pattern - (Per MIL-P-55110) was followed as described inMilitary Specification No. MIL-P-55110. (See Figure No. 56 for test pattern
designg.L)

3.5 Analysis of Insulation Test Results

Tables XXIV through XXIX show test results for two Military and one commercial comb
test pattern.

Included in the comb pattern values are the insulation resistance (in megohms), measured
at 100 and 500 volts DC foa the tern as tern frem MNL-P-55110 and SCL-6225 and a com-
mercial uumb pIattern. Each test pattern is marked with the military specification num-
ber or the abbreviation cor. for the commercial comb test pattern.

The military patterns as detailed in SCL-6225 and MIL-P-55110 have a conductor line
spacing of 0. 030 in. , and the specified voltage for 6225 is 100 volts DC. To enable acom-
plete comparison to be made between these three patterns and the bullseye pattern,
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Figure No. 43. Surface Resistance Test Specimens After Humidity Test
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Ineasurenients were taken on the comb patterns at both 100 volts and 500 volts DC. Figures 1
44 thOrLgh 46 show the curves fo'r-:. " - -,, , time (measured at 100 volts

DC) for test patterns 6225, 515110 and com. The three base laminates on which test pat-
terns -were made. were genor-l purpose glass epoxy (OR), temperature resistant ýlass
epoxy (GB). and flame retardant glass epoxy (GF). The curves in Figures 44 through 46
are identified according to laminale type. Comparing these curves in Figures 44, 45 and
46, the insulation resistance of all three test patterns (measured at 100 volts DC) on glass 3
epoxy (GE) had an initial insulation resistance lower than either of glass epoxy types GB
and GF. The final insulation resistance readings, at the end of ten days humidity cycling,
of all three glass epoxy types were approximately the same 2 x 105 megohms. j
Figures 47 through '19 show insulation resistance versus time (measured at 100 volts DC)
for test patterns 6225, 55110 and commercial comb pattern on paper phunolic (PP), glass
melamine (GM) and glass silicone (GS) base type laminates. The most significant differ-
ece .in FViguFc 4'7, 48 and 49 is that glass melamine has a lower insulation resistance at
the end of the 10 day humidity cycling than either of the paper phenolic or glass silicone
laminates. This value was 1. 00 x 104 megohms compared to 2. 00 x :105 megohms for glass
epoxy types GE. GB and GF, paper phenolic and glass silicone.

Figures 50 through 52 show curves for insulation resistance versus time (measured at 500
volts DC) for same type of test patterns on base laminates as in Figures 44 through 46.
There was a larger variation during the 10 day humidity cycling of insulation resistance
readings at 500, volts than at 100 volts for the three types of glass epoxy laminates.

The final resistance readings (after 10 day humidity cycling) of all three test patterns onthe
glass epoxy base laminates (types GE. GB and GF) varied more widely when measured at
500 volts than at 100 volts.

Figures 53 through 55 show insulation resistance versus time (measured at b 0 volts) of the
same insulation test patterns as in Figures 44 through 52 but on base laminates oif paper
phenolic, glass melamine and glass silicone. Comparifig these resistance curves it can be
seen the paper phenolic base laminate gives a higher insulation resistance value at the end
of the ten day cycling than either the glass melamine or silicone laminates, see table be-
low:

Laminate Type Insulation Resistance (Megohms)

Paper Phenolic (PP) ---------------------------- 313,000

Glass Melamine (GM) and
Glass Silicone (GS) -..---------------------------- 48,3010

Figure 56 shows the test patterns that were used for measuring insulation resistance on
the various laminated base materials.

To evaluate the test pattern laid out in MIL-P-55110 more completely. a number of read-
ings were made using a modified version of this pattern, made symmetrical by providing
the same pad and conductor configuration at each end of the pattern. Subsequently. com-
parative samples made in accordance with the test pattern were cycled for ten days.

The test results from these boards are tabulated below. Comparison with the 55110 re-
sults tabulated in Table XXV and XXVIII show close enough correlation to allow the results
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obtained on the modified mittern to be used for this task. Comparative results are
tabulated below:

INSULATION RESISTANCE (In Megohms)

START OF TEST CONCLUSION OF TEST

Material Test Modified Regular Modified Regular
Volt Pattern Pattern Pattern Pattern

GE 500 2.36 x 108  2.44 x 108  3.2 x 10 5  4.61 x 105

GE 100 2.41 x 1017 . 40 x 107 2.69 x 105 3.41 x 105

GB 500 1. 52 x 108 1. 75 x 108 1.14 x 105 1. 25 x 105

GB 100 4. 13 x 108  2. 11 x 108  2.58 x 105 1.0 x 105

GF 500 1. 80 x 108 1. 40 x 108 1. 12 x 105 1. 18 x 105

GF 100 4. 86 x 108 3.41 x 108 3.224 x 105 2. 11 x 105

GM 500 1.3 x 107  1.3 x 107  5 x 104  7.11x 104

GM 100 2.77 x 107  3.61 x 107  1. 71 x 104  2.13 x 104

GS 500 2.94 x 108 2.75 x 108 1. 64 x 104 1.55 x 104

Go 100 4.9 x 107  5.4 x 10 7  3.82 x 105 2.11 x 105

PX 500 7.60 x 107 2.41 x 107 2.12 x 105 2.01 x 105

PX 100 2.56 x 107 2.64 x 107  2.13 x 105 2.11 x 105

GT 500 3.33 x 108 3. 14 x 108 1.33 x 105 1.41 x 105

GT 100 1. 93 x 108 1. 70 x 108 1. 49 x 10 5 1.38 x 105

From the data presented in Tables XXIV through XXIX. and Figures 44 through 55, the
correlation between all of the test patterns and base materials were fairly consistent in
insulation resistance values when all 100 volt DC measurements are compared with each
other and 500 volt DC measuremenis are compared with each other.

Tables XXX and XXXI show the insulation resistance test values of paper epoxy and glass
teflon measured at 100 and 500 volts DC. Figures 57 through 60 show insulation resistance
versus time of four different lest pattern designs (6225, 55110, Com. and Bullseye) on
paper epoxy and glass teflon base laminates. The initial resistance readings of the glass

120
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teflon specimens were higher than the paper epoxy specimens. Other than this one varia-
4i090n between these t,,,i'vPS in Figures 57 throuah 60. good reoroducib½' r-?sistance values
both at 100 and 500 volts DC was accomplished for pap)er epoxy and glass teflon base
laminates. I

Test boards 111 through 126 were bullseye test specimens on several types of base lam-
inates, tested to establi•h the technique for measuring insulation resistance under humidity
conditions, the effect of different cleaning procedures and to compare insulation resistance
values for reproducibility of result-s between bullseye patterns and the comb patterns. See
Table XXXII for the surface resistance values reported in megohms, and Figures 61 and 62
for the change in surface resistance values during 10 day humidity cycling condition.

There was very little effect on the insulation resistance measurements when employing the
two types of cleaning procedures as described in paragraph 3. 2 of this Task. The paper I
epoxy and glass teflon insulation test specimens were cleaned by the second cleaning

method as described in paragraph 3. 2. 1 of this Task. This method is more practical in
production and will still produce clean surfaces of any test specimens which would be tested
for insulation resistance.

Bases on this work under Task B, an insulation resistance test procedure to give reproduc-
ible insulation resistance test results is described in Appendix C at the end of this report.

3.6 Conclusions

1. The measurement of insulation resistance under humidity chamber conditions can be
elhectively accomplished on either a comb pattern or a bullseye pattern. A number of
reasons however, dictate the strong recommendation that the bullseye be used in pref-
erence to the comb, these are:

a) The bullseye may be used not only for insulation resistance, but also for volume and
surface resistivity. This is not practical with a comb.

b) When the comb pattern line spacing is less than . 060 inches, and measurements are
made with 500 volt potential, more erratic results are obtained.

c) When wires must be soldered to the pattern for external connection to measuring
equipment. there is more possibility of flux or solder contamination between con-
ductors.

d) The bullseye pattern is more easily standardized.

2. The following factors, based on the work performed in this Task, should be followed
in order to properly design, a humidity cabinet which will give consistent and reproduc-
ible insulation resistance readings (under any humidifying conditions).

a) All conductors inside the chamber should be teflon insulated shielded coaxial cable.

b) Any insulation material needed for internal chamber fixtures should be made of
teflon because of its high electrical resistance and water repellant qualities.

c) All terminal electrode connections should be designed so that they may be grounded
either du'ing bitibLg or when idle. (Grounding is necessary to prevent stray
electrostatic charges from building up on the test specimen surface. )

d) A current leakage history of each functional part of the test chamber should be per-
formed to determine the degree of current leakage that is taking place when using
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a 500 volt DC power source. Measurements should be made without sampleis con-

nected to the electrodes and under the same humidity concditions Used in test ing.

e) Current leakage should be at least one power of 10 less than the current required
fipr the sample being tested. (This means the conditioningý calhinme and coaxal leads;
shou'ld h.."v' a Current leakaage rate less than material being tested in order to ,jv'(,
!,t'od representati ,e insulation test values for material leing tested.

3. The instrumentation for mieasuring insulation resistance (surface and volumle resist-
ane) to an accuracy of t6% at 1O'4 ohms range can be accomplished by the indirect
method. The resistance values are figured by measuring the current with a Keithley
Electrometer Model 610A and dividing the current reading into the DC voltage applied
to the test specimen. (It should be kept in mind that the voltage supply must be ac-
curately known. )

4. It was found that either cleaning procedure, as stated in paragraph 3. 2. 1 cleaned the
copper surface well enough to reduce contamination anct enable good test results.

5. Specimens to be measured should be pre-conditioned at 800 ± 30 C for one hour in an
air circulating oven and handled with lint free gloves. This pre-conditioning is neces-
sary to insure uniform readings of specimens at start of test.

6. Insulation test patterns 6225. 55110 (as described in Military Specifications SCL-6225
and MIL-P-55110 respectively). and the commercial comb pattern on base material
glass epoxy types GE. GB and GF paper phenolic and glass silicone, had final insula-
tion resistance values (at the end of 10 clay cycling) within 25% of each other when
measured at 100 volts DC.

7. The insulation resistance of glass melamine when measured at 100 volts DC was about
100 times lower than the laminates mentioned in conclusion 6.

8. Insulation resistance measurements made at 500 volts DC were not as consistent as at
100 volts DC. This was probably due to an incorrect air gap between conductors.
(The air gap was only . 030 in. which is 50% lower than what is generally required for
500 volt DC measurements when insulation resistance values are required.)

9. The insulation resistance values of test patterns 6225. 55110 and commercial comb
patterns on paper epoxy and glass teflon (measured at 100 and 500 volts DC) were
within 15% of each other.

10. The glass epoxy GB bullseye specimens copper clad on one side give a higher surface
resistance reading than copper clad on two sides.
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4. Task C - Peel Strength After Dip Solder

4.1 A!)proach I
To perform peel strength tests on specimens tested after solder dip in accordance with test
method specified. in MIL-P-13949B. To evaluate reproducibility of test results by compar- -

ing results using specified method with results obtained by introducing such variables as i
(a) controlled amounts of solder deposited on specimens and (b) removal of excess solder
by some suitable means. 1
To accomplish the above approach, two procedures are discussed; (1) vertical solder dip,
and (2) chemical etching of a solder deposited film on copper,

4.2 Specimen Fabrication

The peel strength test patterns were made as specified in MIL-P-13949B. The base mate-
rials used for the peel strength sDecimens were as follows:

1. Phenolic resin - paper base (type PP)

2. Epoxy resin - paper base (type PX)

3. Epoxy resin - glass fabric base (type GE, GB & GF)

4. Silicone resin - glass fabric (type GS)

5. Melamine resin - glass fabric (type GM)

6. Teflon resin - glass fabric (type GT)

Five specimens, 1" x 3" x 1/8" thick were made for each of the material types as specified
above and additional five specimens I" x 3" x 1/32" thick made of paper base phenolic and
paper base epoxy base materials. In all cases, one complete series of specimens were
made with one oz. copper one side and one complete series with two oz. copper one side.
Five specimens were prepared for each type of material from at least three manufacturers.
The printing, etching and cleaning of the specimens were done as outlined in Appendix b at
the back of the report.

4.3 Test Procedures for Controlling Solder Deposit

The solder bath temperatures are as specified in MIL-P-13949B. To establish a method
which could be related to production procedures a dip solder approach was used to relate
effect of the solder deposit on peel strength values. The following procedures are dis-
cussed below:

4.3.1 Vertical Solder Dip - Several test specimens of each base laminate (I and 2 oz.
copper) out of a group of five specimens were first cleaned as outlined in Appendix B.
The surface of the copper peel strip on the base laminate was coated with a flux
before dip soldered. Specimen was then vertically dipped into the solder bath. The
immersion time for each specimen was dependant on the type of base material as
specified in NiIL-P-13949B. While the specimen was being removed from the solder
bath, a silicone rubber scraper was used to remove the excess solder from the
copper surface. Tests indicated tnat a solder film range of 0.1 to 0.8 MIL was ob-
tained (film tolerance of 1 0.2 MIL) on the surface of the copper when the above
procedure was followed.

136



4.3,2 Chemical Etching of Solder Deposited Film on_ Copper - The balance of three speci-
ineuls of each group of five specimens por vendor for emach base material were so-dder
dipped by immersing tile specimen horizontally with the copper strf;wce fiace d )wn to
the solder bath in accordance with the procedure in MIL-P- 13049B. Dipping the
specimen in this fashion allowed approximately a 14-18 MIL solder film to be d(epos-
iiel on tie cppla'Zr surface of the test specimen. Initially, several specimens were
etched with varying concentrations of hydrochloric acid (IICL) and sodium hydroxide
solutions (NAGIT). The concentration of both solutions was varied from 25 to 75'. but
was found to be impractical to use as an etchant to etch away the solder film from
the base copper because of chemical attack to the base laminate and copper adhesive
in some cases. After further investigation a commercial lead-tin stripper solution
No. 1101 was found which was .in-corrosive to the base copper, and showed no evi-
dence of chemical attack on any of the test specimens. The rate of etching away a
solder film from the base copper was found to be 1 MIL per 10 minutes of soaking.

Although the rate of etching away the solder film from the copper strip was uniform,
the original test specimens had an irregular solder film thickness on each specimen,
with variations of so)lder film thickness from one end of the specimen to the other
ranuinlg from 1 and 4 MILS. Therefore, only a uniform rate of etching away the
solder film was achieved. Knowing the rate of etching the solder film away from the
cnpper strip, an estimated time for arriving at a per-determined solder film thick-
ness was achieved only to the extent that the original unetehed solder film copper
strip test specimen was fairly uniform in solder film thickness. The base copper
thickness was measured first and then the total thickness of both copper and solder
film was measured. Several readings were taken per specimen to arrive at an aver-
age solder film thickness at the point the peel strip was peeled.

4.4 Analysis of Peel Test Results

The dip soldering and chemical etching operations were performed on 225 test speciniens
as described in paragraph 4.3. The peel strength test results of these test specimens are
reported in Tahles, 33 through 50. In the column marked Chemical Etching Solution. (see
tables 33 through 50) those specimens marked with a number 1101 have been chemically
etched before peel testing. The other specimens were either tested in "as dipped"' crmdi-
tion or wiped.

Figure No. 63 show!; two specimens of gylass epoxy (GE) and two of glass melamine (GM)
before and after peel testing, respectively. The peel strength test results reported in
Tables 33 through 50 were plotted in Figures 64 through 71 to show the variation of peel
strength (lbs./inch-width) with varying amnunts of solder on the Copper surface.

The graphical results show that with increasing solder film thickness on a copper test
strip the peel strength increases. It should be noted that the peel strength increases at a
faster rate with 1-5 MILS of solder film on the copper than any further increase of solder
film thickness (Figures 64 - 69). Because of a large variation of peel streng~th test results
on the base laminates tested, no reproducibility basis could be arrived at between the tyvlesII
of base materials tested, (refer to paragraph 4.2 for laminate types). Because there was
an appreciable variation between the peel test results on the base laminates tested, only a
band showing an approximnate upper and lower limit could be shown, (Figures 64 through 71).

The glass teflon peel test data showed very low peel strength as compared to the rest of
the peel test results, (see Figures 70 and 71). This is undoubtedly due to the normal diffi-
culties involved in bonding to a fluorcarbon surface because of the nonwetabilitv character-
istics of this material.
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Figure No. 63. Peel Strength Specimens After Solder Dip
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1 4 5 Conclusions

The following conclusions are based on test data performed and reported under this Task.

1. The original intent of this Task was to evaluate the reproducibility of results obtained
on bond strength of copper foil after dip soldering. After evaluating the data obtained
from more than 200 samples, the results are so scattered that it is only possible to
state that the results reproduce in general, only to the extent that there is a consistent
increase in bond strength with increase in thickness of solder film. This general in-
crease probably results from two main factors (1) some additional curing of the bonding
resin by the heat of the solder pot, and (2) an increased amount of force necessary to
bend the extra layer of solder, while simultaneously separating the copper from the
base laminate.

2. The wide scattering of results, not only within each range of solder thickness, but also
for each type of material, thickness of material and weight of copper, undoubtedly stems
from all or a combination of the following factors:

(1) Variations in laminating conditions of the original material.

(2) Localized variation in thickness of the copper foil.

(3) Localized variation in thickness of the solder film.

(4) Variation in additional cure of bonding resin generated by (2) and (3) above.

(5).. Minor variations in test procedure.

I 5. 'Task D - Peel Strength at Elevated Temperature

5.1 Approach

I To perform peel strength tests at specified elevated temperatures in accordance with test
method specified iL. ,.MiL-P-13949B. The basic test chamber design and specimen fabri-
cation is discussed. The peel strength test results are reported and an analysis of the
data made in the following pages.

5.2 Specimen Preparation

iThe peel strength test pattern was made as specified in MIL-P-13949B and the base mate-
rials are the same as specified in MIL-P-13949B. Two additional base materials (not
specified in MIL-P-13949B) are included in the peel strength testing, paper epoxy and glass
teflon, Specimens were 1" x 3" x 1/32" thick and 1" x 3" x 1/8" thick (pattern per MIL-P-
13949B) for all materials. One set of specimens had one oz. copper on one side and an-
other set of five specimens had two oz. copper on one side. Five specimens for each type
material from at least three manufacturers were tested for each condition.

The test specimens were processed according to the procedure set forth in Appendix B at
the back of the report.

5.3 Design of High Temperature Test Chamber

Figure No. 72 shows the completed high temperature peel strength test chamber. The metal

chamber is lined with 1/4 inch asbestos board and equipped with a tempered glass in the
door as shown in Figure No. 72. The two aluminum blocks (see Figure No. 72) are part of
the test specimen fixture which holds the specimen in position during the peel te.st. Not
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Figure No. 72 - Front View of the Elevated Temperature Peel Test Chamber
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shown in Figure No. 72 are two teflon spacers which go between the test specimen a1nd thelI

spocinion fixture. A high strength wire was fastened to the jaws of the clamping device
(clamlping device is shown in Figure No. 72). The wire has a spring clamp at the other end
which clamped to the t copper foil. A thermostat probe was inserted near the lest
specimen. The heat was supplied by a 600 watt resistance coil heater which is fastened
inside the chamber. Calibration was performed to find the right dial setting on the rhestat
to correspond to the temperature reading desired.

For measuring the temperature in the test chamber a Fenwal Bead No. GB34P9 and teflon
wire plus a temperature meter indicating temperature directly was used to monitor the test
peel temperature. (See Figure No. 72.) For the dimensions and overall detailed design of
the test chamber, see Figure No. 73. It should he noted that the test chamber is portable
and was bolted to the test plate on the peel tester (see Figure No. W).

See Figure NO. 74 for the electrical circuit hook-up.

5.4 Test Procedure

The elevated peel test chamber was heated to the desired test temperature and allowed to
reach equilibrium before the specimen was put in the chamber. The test specimen copper
strip was peeled back enough to allow the clamp in the test chamber to take hold of the peel
strip. The specimen was then placed in the specimen device and the two Allen head screws
were tightened down on the teflon spacers between screw and test specimen. The chamber
door was closed and the specimen allowed to soak for one hour before performing the peel
test. All tests were performed at the elevated temperature in the oven. (Test temperature
was held at ! 20 F.) For comparison, some of the test specimens were soaked in an air
circulating oven for I hour before peel testing. It took 30 seconds to transfer the specimen
from oven to test chamber, and very little difference was found in the peel test values.

5.5 Analysis of Elevated Peel Test Results

Tables 51 through 69 show the peel test results. A summary of both I and 2 oz. peel test
results for all the materials are in Tables 70 and 71. Referring to these two summary
tables, it can be seen that the peel strength for all of the test speciments was reduced by
approximately 50%, comparing with those as specified for MIL-P-13949B. The peel
strength data for the 1/32" material was lower than the 1/8" because at elevated tempera-
tures the 1/32" material will give more than the 1/8" material because of a smaller cross
sectional area.

5.6 Conclusions

The follwoii•g conclusions are based on test data reported:

1. The peel test elevated test chamber design was satisfactory to fulfill test requircments
set forth in MIL-P-13949B.

This chamber design did not have a circulating air system, consequently elevated peel
tests were performed without circulating air and test speciments were pre-conditioned
for one hour in a circulating air oven. Very little difference was observed when two
like test speciments were tested at the same temperature, but conditioned differently.

2. There was slight discoloration of all laminate base types when pulled at the specified
test temperature.

3. The elevated peel test results of all copper clad laminate speciments (1 and 2 1m copper)
showed approximately 50 to 70% reduction in peel strength value.
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Figure No. 73. Elevated Temperature Test Chamber

176



PO~~WU T2*N lo 4.

Fig~ure No. 74. Electrical Circuit For Tast Chamber

177



TABLE LI

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER A
(TESTED AT 248- F.)

Laminate Copper - Test Peel Peel Test
Spec. Thicliess Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate OF (Lbs/Inch) MIL-P-13949B

Paper
Phenolic

2 1/32 1 (PP) A 248 1.75 6

Paper
Phenolic

2 1/32 1 (PP) A 248 2.10 6

Paper
Phenolic

4 1/32 1 (PP) A 248 1.85 6

Paper
Phenolic

4 1/32 2 (PP) A 248 1.95 6

Average Peel Test Value 1.91 6

Paper
Phenolic

6 1/32 2 (P P) A 248 1.10 7

Paper
Phenolic

7 1/32 2 (PP) A 248 1.95 7

Paper
Phenolic

8 1/32 2 (PP) A 248 2100 7

Paper I
Phenolic

8 1/32 2 (PTP) A 248 1.10 7

Average Peel Test Value 1.54 7

Paper I
Phenolic

1/8 1 (PP) A 248 3.00 6

Paper
Phenolic

10 1/8 1 (PTP) A 248 3.40 6
Paper'!

111 181 P
11 1/ ()11 1 A 248 3.70 6
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II TABLE LI (CONT)

PEEtI STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER A
(TESTED AT 2480 F.)

Laminate Copper Test Peel Peel Test

Spec. Thicniess Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate T (Lbs/Inch) MIL-P-13949 B

Paper
Phenolic

12 1 8 1 (PP) A 248 3.10 6
___A- ...

Average Peel Test Value 3.30 6

"Paper
Phenolic

13 1'8 2 (PP) A 248 3.76 7

Paper

Phenolic
14 1/8 2 (PP) A 248 4.04 7

Paper
Phenolic

15 1/8 2 (PP) A 248 4.15 7

Paper
Phenolic

16 1/,8 2 (PP) A 248 3.94 7

I Average Peel Test Value 3.75 7

179



TABLE LI

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER B

(TESTED AT 248ý' F.)

Laminate Copper Test Peel Peel Test
Spec. Thickac Foil Wt. Base Manufacturer Temp. Strength Value Per 3
No. (h1nch) (Oz.) Laminate T (Lbs/Inch) MIL-P-13949 B

Paper
Phenolic

17 1/32 1 (PIP) B 248 1.62 6

Paper ..
Phenolic

18 1/32 1 (PP) B 248 .1.00 6

Paper
Phenolic

19 1/32 1 (PP) B 248 1.00 6

Paper
Phenolic

20 1/32 1 (PP) B 248 1,20 6

Average Peel Test Value 1.21 16

Paper
Phenolic

21 1/32 2 (PP) B 248 3.00 7

Paper
Ph enolic

22 1/32 2 (PP) B 248 3.40 7

Paper
Phenolic

23 1/32 2 (PP) B 248 3.20 7

Paper
Phenolic

24 1/32 2 (PP) B 2148 3.90 7

Average Peel Test Value 3.38 7

Paper
Phenolic

25 1/8 1 (PP) B 248 3.62 6

Paper
Phenolic

L6 1/8 1 (PP) B 248 2.48
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I TAB.LE Lii (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER B
* (TESTED AT 248"' F.)

Laminate Copper Test Peel Peel Test
Spec. Thicluess Foil Wt. Base [Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate IF (Lbs/Inch) MIL-P-13949B

Paper

Phenolic
27 1/8 1 (PP) B 248 3.81 6

I -Paper

Phenolic
I 28 1/8 1 (PP) B 248 3.70 6

Average Peel Test Value 3.41 6

I Paper
Phenolic

29 1/8 2 (PP) B 248 5.00 7

I Paper
Phenolic

I 30 1/8 2 (PP) B 248 5.00 7

Paper
Phenolic

31 1/8 2 (PP) B 248 5.10 7

Paper
Phenolic

32 1/8 2 (PP) B 248 4.80 7

Average Peel Test Value 4.98 7

I
I
I

I
I
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TABLE LIII

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER C

(TESTED AT 248- F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate OF (Lbs/Inch) MIL-P-13949B

PaperPhenolic
33 1/32 1 (PP) C 248 2.00 6

Paper
Phenolic

34 1/32 1 (PP) . C 248 2.00 6

Paper
Phenolic

35 1/32 1 (PP) C 248 2.00 6

Paper
Phenolic

36 1/32 1 (PP) C. 248 2.58 6

Average Peel Test Value 2.14 6

Paper
Phenolic

37 1/32 2 (PP) C 248 6.00 7

Paper
Phenolic

38 1/32 2 (PP) C 248 6.50 7

Paper
Phenolic

39 1/32 2 (PP) C 248 4.95 7

Paper
Phenolic

40 1/32 2 (PP) C 248 4.89 7

Average Peel Test Value 5.58 7

I - Paper
Phenolic

41 1/8 1 (PP) C 248 2.99 6

Paper
Phenolic

42 1/8 1 (PP) C 248 2.00 6
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TABI,E LIII (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER C

(TESTED AT 248V F.)

I Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate 7 (Lbs/Inch) MIL-P-13949f3

Paper
Phenolic

43 1 8 1 (PP) C 248 3.00 6

Paper
Phenolic

44 18 1 (PP) C 248 2.71 6

I Avera!:e Peel Test Value 2.68 6

Paper
52 Phenolic

45 I/8 2 (PP) C 248 5.95

Paper
Phenolic

46 1; 8 2 (PP) C 248 6.40 7

1.. Paper
Phenolic

47 li 8 2 (PP) C 248 5.55 7

-'aper
Phenolic48 18 2 (PP•) c ,.8 5.00 = 7

Average Peel Test Value 5.73 7

I ,.

I
I

11
Ir



TABLE LIV

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER A
('rESTED AT 2480 .).

Laminate Copper Testp Peel 1Peel Test

Spec. Thiclkness Foil Wt. Base Manufacturer Tern Strength Value Per
No. (Inch) (Oz.) Laminate TF (Lbs/Inch) MIL-P-13949B

Paper1
Epoxy

49 1/32 1 (PX) A 248 2.78 9

Paper -

Epoxy
50 1/32 1 (PX) A 248 2.00 9

Paper
Epoxy

51 1/32 1 (PX) A 248 2.49 9

Paper
Epoxy

52 1/32 1 (PX) A 248 2.90 9

AveragePeel Test Value 2.54 9

Paper
Epoxy

53 1/32 2 (PX) A 248 3.00 13

Paper
Epoxy

54 1/32 2 (PX) A 248 3.00 13

Paper
Epoxy

55 1/32 2 (PX) A 248 3.49 13

Paper
Epoxy

56 1/32 2 (PX) A 248 3.52 13

Average Peel Test Value 3.25 13

Paper
Epoxy

57 1/8 1 (PX) A 248 4.00 9

Paper
Epoxy

58 1/8 1 (PX) A 248 4.00

Paper
Epoxy

59 _/8_l (PX) A 248 4.09 9
1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties

of Paper Epoxy
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TABLE LIV (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER A

(TESTED AT 2480 F.)

Laminate Copper Test Peel I Peel Test
Spec. Thicluiess Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate TF (Lbs/Inch) MIL-P-13949B

Paper
Epoxy

60 1 8 1 (PX) A 248 4.99 9

Average Peel Test Value 4.24 9

Paper
Epoxy

61 1 8 2 (PX) A 248 5.60 13

Paper
Epoxy

62 1.'8 2 (PX) A 240 5.20 13

Paper

Epoxy
63 1/8 2 (PX) A 248 5.25 13

Paper
Epoxy

64 1/8 2 (PX) A 248 5.45 13

Average Peel Test Value 5.38 13

Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Paper Epoxy

1I
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TABL LV I

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OE MANUFACTURER B
(TESTED AT 2480 F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength 1 Value Per
No. (Inch) (Oz.) Laminate 'F (Lbs/Inch) MIL-P-13949B

Paper
Epoxy

65 1/32 1 (PX) B 248 2100 9

Paper
Epoxy

66 1/32 1 (PX) B 248 2.45 9

Paper
Epoxy

67 1/32 1 (PX) B 248 3.50 9

Paper
Epoxy

68 1/32 1 (PX) B 248 3,10 9

Average Peel Test Value 2.77 9

Paper
Epoxy

69 1/32 2 (PX) B 248 5.52 13

Paper
Epoxy

70 1/32 2 (PX) B 248 5.50 13

Paper
Epoxy

71 1/32 2 (PX) B 248 6.00 13

Paper

Epoxy
72 1/32 2 (PX) B 248 6.00 13

Average Peel Test Value 5.77 13

Paper
Epoxy

73 1/8 1 (PX) B 248 4.00 P

Paper
Epoxy

74 1/8 1 (PX) B 248 5.50 9
Paper .. . ..
Epoxy

75 1/8 1 (PX) B 248 5.00 9

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Paper Epoxy
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I TABLE LV (CONT)

i PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER B
S(TF..STED AT 248° F.)

Laminate Copper Test Peel Pee- Test
Spec. Thickness Foil Wt. Base Manufartturer Temp. Strength Value Per
No. (Inch) (Oz,) Laminate 'F (Lbs/Inch) MIL-P-13949B

Paper
Epoxy

76 1/8 1 (PX) B 248 5.00 9

Average Peel Test Value 4.88 9

PaperK__Epoxy
77 1/,8 2 (PX) B 248 6.00 13

Paper
Epoxy

78 1/8 2 (PX) B 248 5.95 13

I Paper
Epoxy

"79 1/8 2 (PX) B 248 5.84 13

Paper
Epoxy

80 1/8 2 (PX) B 248 5.90 13

Average Peel Test Value 5.93 13

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Paper Epoxy

I

I
!I
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I

PIYEL STRENGTH TEST RESULTS OF PAPER EPOX" OF MA....FACTUI.ER D
"(T STED AT 24$ F.)

L-ami~iat-e Copper T es t Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. Inch) (Oz.) Laminate •' ? (Lbs/inch) MIL-P-13949B

PaperI
Epoxy

1/32 1 (PX) D 248 3.00 9

Paper
Epoxy

82 1/32 1 (PX) D 248 2.70 9

Paper
Epoxy

83 1/32 1 (PX) D 248 2.00 9

Paper
Epoxy

84 1/32 1 (PX) D 248 2.99 9

Average Peel Test Value 2.67 9

Paper
Epoxy

85 1/32 2 (PX) D 248 3.70 13

Paper
Epoxy

86 1/32 2 (PX) D 248 3.84 13

Paper
Epoxy

7 1/132 2 (PX) D 248 3.98 13

Paper
Epoxy

88 1/32 2 (PX) D 248 3.75 13

Average Peel Test Value 3.81 13

Paper [
Epoxy

89 1/8 1 (tPX) D 248 3.70 9

Epoxy

90 !/R 1 V)D 246 3.51 9

I Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Papcr Epoxy
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TABLE ),VI (CONT)

SPEEL ST'RENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURE.]F, 1)
(TESTED AT 2480 F.)

L~amnate C'opper Test Peel Peel Test
* Lam T iknaes Foile Wt. BaseIManufacturer Temp. Strength Value Per

No. (nch) (Oz.) Laminate MiL-P-13949

E 
-

Epoxy

91 1/8 1 (PX) D 24 3.00 9

Paper

Epoxy
92 1/8 1 (PX) D 248 3.51 9

Average Peel Test Value 3,44 9

Epoxy 1
93 1,.;8 2 (PX) D 248 6.25 13

I Paper
Epoxy

94 1/8 2 (PX) D 248 6.14 13

Paper
Epoxy

95[ 1/8 2 (PX) D 248 5.84 13

Paper
IEpoxy I

96 1/8 2 DD 248 .5.90 13

Average Peel Test Value 6.03 13

Refer to Task E on Peel Strength Values in the Summary Table on Physical ý-ropertics
- of Paper Epoxy

A
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"rAI T• L•qI

) ,T.I, STPENGTH TEST T RESULTS OF GLASS EPOXY OF MANUFACTURER• A-GE

(TESTED AT 284- F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
Nu. (Inch) (Oz.) Laminate "F (Lbs/Inch) MIL- P-1394913

Class

E poxy

97 1 32 1 (GE) A 284 ,3. DA 7

Class
Epoxy

98 1`32 1 (GE) A 284 348 7

Glass
Epoxy

99 1/32 (GE) A 284 3.64 7

Glass

Epoxy
100 1/32 1 (GE) A 284 3.60 7

4verage Peel Test Value 3.64 7

Glass
Epoxy

101 1,32 2 (GE) A 284 4.02 9

Glass
Epoxy

102 1/32 2 (GE) A 284 4.14 9

Glass
Epoxy

103 1/32 2 (GE) A 284 4.18 9

Glass
Epoxy

104 1/32 2 (GE) A 284 4.25 9

Average Peel Test Value 4.14 9

Glass
Epoxy

105 1/8 1 (() A 284 7.50 7

Glass
Epoxy

106 1/8 (GE) A 284 R.00

_ _ / _ _ _ _G l a s s At- _'
Epoxy

107 1/8 1 (GE) A 284 6.40 7



TAb3i E LVII (CONT)

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER A-GE
(TESTED AT 284" F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz,) Laminate °F (Lbs/Inch) MIL-P-13949B

I -- Glass
Epoxy

108 1/8 1 (GE) A 284 6.70 7

Average Peel Test Value 6.65 7

Glass
Epoxy

109 1/8 2 (GE) A 284 5.60 9

Glass
Epoxy

110 1/8 2 (GE) A 284 5.20 9

Glass
Epoxy

111 1/8 2 (GE) A 284 5.45 9

Glass
Epoxy

112 1/8 2 (GE) A 284 5.00 9

Average Peel Test Value 5.30 9

I - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



1
TABLE LVIII

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER B-GE j
(TESTED AT 2840 F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate OF (Lbs/Inch) MIL-P-1394913

Glass
Epoxy

113 1/8 1 (GE) B 284 2.00 7

Glass
Epoxy

114 1/8 1 (GE) B 284 2.49 7

Glass
Epoxy

115 1/8 (GE) B 284 2.00 7

Glass
Epoxy

116 1/8 t (GE) B 284 2.00 7

Average Peel Test Value 2.12 7

Glass
Epoxy

11 1/8 2 (GE) B 284 4.25 9
Glass
Epoxy

118 1/8 2 (GE) B 284 4.18 9

Glass
Epoxy

119 1/8 2 (GE) B 284 4.04 9

Glass
Epoxy

120 1/8 2 (GE) B 284 4.40 9

Average Peel Test Value 4.22 9



I
TABLE LIX

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER C-GE
(TESTED AT 284" F.)

j Laminate Copper Test Peel Peel Test
Splc. Thickness Foil Wt. Base Manufacturer Temp. Strength Value P1'r
No. (Inch) (Oz.) Laminate F (Lbs, Inch) MIL-P-13949 M

i .Glass
Epoxy

121 1 8 1 (GE) C 2U84 3.51 7

Glass
Epoxy

122 118 1 (GE) C 284 2.49 7

Glass
I Epoxy

123 1,8 1 (GE) C 284 2.50 7

Glass
Epoxy

124 18 2 (GE) C 284 2.49 7

I Avera.-e Peel Test Value 2.74 7 I

Glass
Epoxy

125 1. 8 2 (GE) C 284 3.51 9

G Glass

Epoxy
126 1 "8 2 (GE) C 284 4.05 9

i Glass
Epoxy

127 18 2 (GE) C 284 3.10 9

Glass
Epoxy

128 1/8 2 (GE) C 284 3.509

Average Peel Test Value 3.54 1
I
I
i
I
I

I i'



TABLE LX

PEEL STRENGTH TEST RESULTS OF TEMPERATURE RESISTANT GLASS EPOXY
OF MANUFACTURER A-GB (TESTED AT 284- F.)

. Laminate Copper - Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per

No. (,Inch) (Oz.) Laminate 7- (Lbs/Inch) MIL-P-13949B

I
Glass

129 1/8 1 (GB) A 284 3.51 7

Epoxy

Glass
130 1/8 1 (GB) A 284 4.00 7

Epoxy

Glass
131 I/8 1 (GB) A 284 3.00 7

Epoxy

Glass
132 1/8 1 (GB) A 24 31.00 7

Average Peel Test Value 3.38 7

EpoxyJGlass
133 1/8 2 (GB) A 284 3.84 '9

-tEI.-)OXY
Glass

1,34 1/8 2 (GB) A 284 4.03 9

Epoxy
Glass

135 1/8 2 (GB) A 284 3.25 9

E pO Xy
Glass

136 1/8 2 (GB) A 284 3.74 9

Average Peel Test Value 3.71 9
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TABLE LXI

PEEL STRENGTH TEST RESULTS OF TEMPERATURE RESISTANT GLASS EPOXY
OF MANUFACTURER B-GB (TESTED AT 284 F,.

Laminate Copper Test Peel Peel 'rest

Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per

No. (Inch) (Oz.) Laminate T (Lbs/Ineh) MIL-P-13949••

I Epoxy
Glass

137 1!8 1 (GB) B 284 1.05 7

Epoxy
Glass

I 138 1/8 1 (GB) B 284 1.15 7

Epoxy
Glass

139 1/8 1 (GB) B 284 2.00 7

E poxy
i Glass

140 1,8 1 (GB) B 284 2.00 7

Average Peel Test Value 1.55 7

Epoxy
Glass

141 1/8 2 (GB) B 284 2.45 9

Epoxy
Glass

142 1/8 2 (GB) B 284 2.75 9

Epoxy
Glass

143 1/8 2 (GB) B 284 3.00 9

I Epoxy
Glass

144 1/8 2 (GB) B 284 2.94 9

Average Peel Test Value 2.85 9

I
I

II
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rAPLE1 LXII

PEEL STRENGTH TEST RESULTS OF TEMPERATURE RESISTANT GLASS EPOXY
OF MANUFACTURER C-GB (TESTED AT 284' F.)

Laminate Copper J Test Peel Peel Test
Spec. Thickmess Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate _F (Lbs/Inch) MIL-P-13949B

Epoxy I
Glass

145 1/8 1 (GB) C 284 2.34 7

Epoxy -

Glass
146 1/8 1 (GB) C 284 2.49 7

Epoxy
Glass

147 1/8 1 (GB) C 284 2.61 7

Epoxy
Glass

148 1/8 1 (GB) C 284 2.84 7

Average Peel Test Value 2.57 7

Epoxy
Glass

149 1/8 2 (GB) C 284 3.74 9

Epoxy
Glass

150 1/8 2 (GB) C 284 3.46 9

Epoxy
Glass

151 1/8 2 (GB) C 284 3.59 9

Epoxy
Glass

152 1/8 2 (GB) C 284 3.64 9

Average Peel Test Value 3.61 9
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I
TABLE LXIII

PEEL STRENG'Th TEST RESULTS OF FLAME RETARDANT OLASS EPOXY
OF MANUFACTURER A-GF (TESTED AT 284" F.).

Laminate Copper Test Peel Peel 'fost
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value PerNo. (Inch) (Oz.) Laminate "F (Lbs/Inch) MIL-1P-1394913

i~E poxy

Glass
153 1/81 (GF) A 284 2.08 7

Epoxy
Glass

154 1/8 1 (GF) A 284 2.01 7

Epoxy
I Glass

155 1/8 1 (GF) A 28,4 1.60 7

I Epoxy
Glass

156 1/8 1 (,G F) A 284 1.90 7

SAverage Peel Tost Value 1.89 7

EpoxyS~,Glass

157 1/8 2 (,GF) A 284 2.90 9

E lpoxy
t ,Glass

15,8 1/8 2 (,G F_) A 214 3.00 9

Epoxy•, G lass

1/8 2 (GF) A 284 2.56 9

S.. Epoxy

,Glass
S1600 1/8 2 (GF) A 284 3.00 9

Average Peel Test Value 2.86 9

I
I

I

I
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TABLE LYV I
PEEL STRENGTH TEST RESULTS OF FLAME RETARDANT GLASS EPOXY i

OF MANUFACTURER B-GF (TESTED AT 2840 F.)

Laminate Copper Test Peel Peel Test-
Spec. Thickaiess Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate "F (Lbs/Inch) MIL-P-13949 B

Glass
Epoxy

161 1/8 1 (GF) B 284 2.00 7

Glass
Epoxy

162 1/8 1 (GF) B 284 2.00 7.

Glass
Epoxy

163 1/8 1 (GF) B 284 1.52 7

Glass
Epoxy

164 1/8 1 (GF) B 284 2.00 7

Average Peel Test Value 1.88 7
T Glass

Epoxy

165 1/8 2 (GF) B 284 2.00 9

Glass
Epoxy

166 1/8 2 (GF) B 284 2.00 9

Glass
Epoxy

167 1/8 2 (GF) B 284 2.00

Glass
Epoxy

168 1/8 2 (GF) B 284 2.00 9

Average Pe '. Test Value 2.00 9
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TAbLE LXV

PEEL STRENGTH TEST RESULTS OF' FLAME RETARDANT GLASS EPOXY
OF MANUFACTURER C-GF (TESTED AT 284-_F,.

Laminate Copper Test Peel Peel TesI
Spec. Thickness Foi! Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate OF (Lbs/Inch) MIL-1p-1394,9]11

Glass
Epoxy

169 1,18 (G F) ,C 284 5.00

Glass
Epoxy

170 1/8 1 (G F) C 284 4.00

GlaS S
Epoxy

171 l8 (GF) C 284 5.00 7

Glass
Epo~xy

172 1/8 1 (G F) C 284 5.00 7

Average Peel Test Value 4.75 7

Glass

173 1/8 2 (GE) C 284 5.28 9

Glass
Epoxy

174 1/8 2 (GF) C 284 5.38 9

Glass
Epoxy

17b 1/8 (GF), C 284 5.00 9

Glass
Epoxy

176 /8 (GF) C 284 4.85 _

Average Peel Test Value 5/1.39

I
I
I
1
I
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TABLE LXVI

PEEL STRENGTH TEST RESULTS OF GLASS MELAMINE OF MANUFACTURER A
(TESTED AT 284- F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. StrengIh Value Per
No. (Inch) (Oz,.) Laminate °F (Lbs/Inch) MIL-P-13949B

Glass
Melamine

177 1/8 1 (GM) A 284 4.0,0 9

Glass
Melamine

178 1/8 1 (GM) A 284 4.00 9

Glass
Melamine

179 1/a 1 (GM) A 284 3.83 9

Glass
Melaminie

180 1/8 1 (GM) A 284 3.85 9

Average Peel Test Value 3.92 9
Glass
Melamine

181 1/8 2 (GM) A 284 3.00 9

Glass
Melainine

182 1/8 2 (GM) A 284 4.00 9

Glass
Melamine

183 1/8 2 (GM) A 284 3.00 9

Glass
Melaminie

184 1/8 2 (GM) A 284 3.50 9

Average Peel Test Value 3.38 9
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I TABLE LXVII

PEEL STRENGTH TEST RESULTS OF GLASS SILICONE OF MANUFACTURER A
(TESTED AT 2840 F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per
No. (Inch) (Oz.) Laminate OF (Lhbs!/nrwh) MIL-P-13949fB

I Glass
Silicone

185 1/8 1 (GS) A 284 2.72 5

* 'Glass
Silicone

I 186 1/8 1 (US) A 284 4.00 5

Glass
Silicone

187 1/8 1 (GS) A 284 3,.85 5

Glass
Silicone

188 1/8 1 (GS) A 284 3.00 5

I Average Peel Test Value 3.39 5
Glass ,,

Silicone
I 189 1/8 2 (GS) A 284 5.50 5

Glass
Silicone

190 1/8 2 (GS) A 284 5.34 5

Glass
Silicone

191 1/8 2 (0S) A 284 5.00 5

I GlassSilicone

192 /8 2 (GS) A .5.00

Average Peel Test Value 5.21 5

U
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TABLE LXVIII

PEEL STRENGTH TEST RESULTS OF GLASS TEFLON OF MANUFACTURER B
(TESTED AT 393'F.) ,

Laminate Copper Test Peel 1 Peel Test

Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength Value Per 5
No. (Inch) (Oz.) Laminate OF (Lbs/Inch) MIL-P-13949n3

Glass
Teflon

193 1/8 1 (GT) B 393 2.49 5

Glass
Teflon

194 1/8 1 (GT) b 393 2.30 5

Glass
Teflon

195 1/8 1 (GT) B 393 1.99 5

Glass
Teflon

196 1/8 1 (GT) B 393 2.44 5

Average PeelTesýt "ralue 2.31 5

Glass
Teflon

197 1/8 2 (GT) B 393 3.510 6

Glass
Teflon

198 1/8 2 (GT) B 393 3.90 6

Glass
Teflon

199 1/8 2 (GT) B 393 3.46 6

Glass
Teflon

200 1/8 2 (GT) B 393 3.50 6

Ave~rage Peel Test Value 3.59 6

1 See Proposed MIL-P-13949C Specifications
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U TABLE LXIX

PEEL STRENGTH TEST RESULTS OF GLASS TEFLON OF MANUFACTURER E
(TESTED AT 3930 F.)

Laminate Copper Test Peel Peel Test
Spec. Thickness Foil Wt. Base Manufacturer Temp. Strength 1 Value Per
No. (inch) (Oz.) Laminate TF (Lbs/Inch) MIL-P-139491B

i Glass
Teflon

201 1/8 1 (GT) E 393 1.00 5

Glass
Teflon

202 1/8 1 (GT) E 393 0.49 5

Glass
Teflon

203 1/8 1 (GT) E 393 1.00 5

Glass
Teflon

204 1/8 1 (GT) E 393 1.57 5

I Average Peel Test Value 1.01 5

Glass
Teflon

205 1/8 2 (GT) E 393 2.00 6

Glass
Teflon

206 1/8 2 (GT) E 393 1.60 6

Glass
Teflon

207 1/8 2 (GT) E 393 1.50 6

Glass
Teflon

208 1/8 2 (GT) E 393 1.50 6

, Average Peel Test Value 1.65 6

1 See Proposed MIL-P-13949jC Specification

I
I

I

I
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TABLE LXX

SUMMARY OF PEEL STRENGTH TEST RESULTS PERFPR-MEL_
AT ELEVATED TEMPERATURES ON 1 OZ. SPECIMINES.

Base Laminate Manu- Laminate Copper Test Averaged Peel Peel "est
facturer Thickness Foil Temp. Strength Value Value Per

(Inch) Wt. (Oz.) *F (Lbhs./n,- Width MIL-P-13949B

Paper Phenolic (PP) A 1/32 1 248 1.91 6
Paper Phenolic (PP) A 1/8 1 248 3.30 6
Paper Phenolic (PP) B 1/32 1 248 1.21 6
Paper Phenolic (PP) B 1/8 1 248 3.41 6
Paper Phenolic (PP) C 1/32 1 248 2.14 5 a

Paper Phenolic (PP) C 1/8 1 248 2.68 6
Paper Epoxy (PX)t A 1/32 1 248 2.54 9
Paper Epy()x (PX)* A 1/8 1 248 4.24 9
Paper Epoxy (PX) * B 1/32 1 248 2.77 9
Paper Epoxy (PX)* B 1/8 1 248 4.88 9
Paper Epoxy (PX)* D 1/32 1 248 2.67 9
Paper Epoxy (PX)* D 1/8 1 248 3.44 9
Glass Epoxy (GE) A 1/32 1 284 3.64 7
Glass Epoxy (GE) A 1/8 1 284 6.65 7
Glass Epoxy (GE) B 1/8 1 284 2.12 7
Glass Epoxy (GE) C 1/8 1 284 2.74 7
Glass Epoxy (GB) A 1/8 1 284 3.38 7
Glass Epoxy (GB) B 1/8 1 284 1.55 7
Glass Epoxy (GB) C 1/8 1 284 2.57 7
Glass Epoxy (G F) A 1/8 1 284 1.89 7
Glass Epoxy (GF) B 1/8 1 284 1.88 7
Glass Epoxy (GF) C 1/8 1 284 4.75 7
Glass Melaniine (GM) A 1/8 1 284 3.92 9
Glass Silicone (GS) A 1/8 1 284 3.39 5
Glass Teflon (GT) B 1/8 1 393 2.31 5
Lilass Teflon (GT) E .'/ 1 393 1.01 5

* Refer to Task E on Peel Strength Minimum Values in the Summary Table on Physical Properties
of Paper Epoxy
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TABLE LXXI

SUMMARY OF PEEL STRENGTH TEST RESULTS PERFORMED
AT ELEVATED TEMPERATURES ON 2 OZ. SPECIMINES,

Base Laminate Manu- Laminate Copper Test Averaged Peel Peel Test
facturer Thickness Foil ''omp. Strength Value Value Per

(Inch) Wt. (Oz.) F (Lbs./In.-Width) MII,-P-13949B

Paper Phenolic (PP) A 1/32 2 248 1.54 7
Paper Phenolic (PP) A 1/8 2 248 3.75 7
Paper Plhenolie (PP) B 1/32 2 248 3.38 7
Paper Phenollic (PP) B 1/8 2 248 4.98 7
Paper Phenolic (PP) C 1/32 2 248 5.58 7
Paper Phenolic (PP) C 1/8 2 248 5.73 7
Paper Epoxy (PX) * A 1/32 2 248 3.25 13
Paper Epoxy (PX) * A 1/8 2 248 5.38 13
Paper Epoxy (PX) * B 1/32 2 248 5.77 13
Paper Epoxy (PX) * B 1,/8 2 248 5.93 13
Paper Epoxy (PX) * I) 1,,'32 2 248 3.81 13
Papier Epoxy (PX) * D 1/8 2 248 6.03 13
Glass Epoxy (GE) A 1/32 2 284 4.14 9
Glass Epoxy (GE) A 1/8 2 284 5.30 9
Glass Epoxy (GE) B 1/8 2 284 4.22 9
Glass Epoxy (GE) C 1/8 2 284 3.54 9
Glass Epoxy (GB) A 1/8 2 284 3.71 9
Glass Epoxy (GB) B 1/8 2 284 2.85 9
Glass Epoxy (GB) C 1/8 2 284 3.61 9
Glass Epoxy (GF) A 1/8 2 284 2.86 9
Glass Epoxy (GF) B 1/8 2 284 2.00 9
Glass Epoxy (GF) C 1/8 2 284 5.13 9
Glass Melamine (GM) A 1/8 2 284 3.38 9
Glass Silicone (GS) A 1/8 2 284 5.21 5
Glass Teflon (GT) B 1/8 2 393 3.59 6
Glass Teflon (GT) E 1/8 2 393 1.65 6

* Refer to Task E on Peel Strength Minimum Values in the Summary Table on Physical Properties
of Paper Epoxy
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6. I'.iSK -: _'het' Physical. Mechanical and Electrical Property Evaluation of Paper EpoxyI

6. 1 1hirpose - This report has been prepared to present the final results and conclusions on the
phlsicai, mechanical and electrical properties of copper clad paper base epoxy laminate, I
evaluated in accordance v,,.h the requirements of MIL-P-13949B. The information hasbeen analyzed and a tentative data sheet prepared for inclusion in this specification.

6.2 General Data

6.2.1 Background - Existing military specifications have not provided for the use of foil J
clad paper base epoxy materials. In many cases, these materials have properties
which make their use more desirable than other approved materials, particularly
where a high degree of machineability is required at a relatively modest cost. j

6.2.2 Scopp - The tests performed were all conducted in accordance 'With the requireents
of MIL-P-13949B and were carried out on copper clad paper base epoxy laminateb 1f
five different thicknesses (1/32 in. to 1/4 in.) from four different suppliers. During i
the course of the testing, the original manufacturer C was dropped and another
substituted because on non-delivery of base material. Copper thickness of both one

,ounce (0.0014 inch) and two ounce (0.0027 inch) nominal were used onboth one and two sides.

The following individual tests were performed:

1. Foil resistivity

2. Solder, Dip

3. Peel Strength

4. Volume resistivity [
5. Surface resistance

6. Water absorption

7. Dielectric breakdown

8. Dielectric Constant

9. Dissipation factor

10. Flexu.'al Strength

11. Flammability

The basic tests were conducted in accordance with MIL-P-13949B, LP-406B and
ASTM B-i03.

Standard printing and etching techniques typical of the photo-etch process were used
to produce test samples as indicated in Appendix B, and extreme care was exercised
to reduce the possibility of specimen contamination to a minimum. After the tests
were completed the data was itemized in a suitable manner for evaluation.
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i C.3 Detaihd [)a

6.3.1 Literature Survey on Copper Clad Paper Base Epoxy Material

A complete literature survey was made which included the following:

i 1. Military Specifications

2, Military Standards

1 3. American Standard of Testing Materials

1 4. Manufacturers of Paper Epoxy (Copper Clad)

5. Libraries and Government Information Centers

The search indicated that the published data on paper base epoxy was of little value,
as far as eliminating any of the tests described in MIL-P-13949B because testing
cdone was not necessarily conducted in accordance with this specification. For this
reason, it was decided to perform all of the basic tests required in MIL-P-13949B
to establish enough data to add this type of copper-clad laminate material to MIL-
P-13949B. Table LXXII includes the published physical properties of laminates
from four manufacturers who are producers of paper base epoxy laminating
material. These data indicated to what degree each manufacturer's paper base epoxy
compares to the other according to their own figures. These data are used to com-
pare the re ults obtained by our own tests on paper base epoxy (Copper Clad).
Comparing We various physical properties in Table LXXII, it may be seen that peel
strength, solder dip and flammability values for all four laminates are approximately
the same. The water absorption of laminator C has a higher value than the other
water absorption values. The tests in Table LXXII were reportedly performed in
accordance with A.S.T.M. methods by each manufacturer.

1 TABLE LXXII

Commercial Physical Property Results on Paper Epoxy (PX)

Manufacture Water Peel Solder Dip
of Absorption Strength Flammability (1/16 Inch Copper

Paper Base (1/16 Inch (Lbs/Inch Test Laminated Resistivity
Epoxy Thick Thick) 500 0 F Solider)

Laminate)

A 0301 8-(1 oz.) Self Ext. 10 Sec. Not Reported
10-(2 oz.)

B 0.35% 10-(0 oz.) Self Ext. 15 Sec. Not Reported
I C ,551-(2 oz.)

0.55 8-(1 oz.) Self Ext. 15 Sec. Not Reported

,94-(2 oz.)

D0.38 8.5-(0 oz.) Self Ext. 10 See. Not Reported

6.3.2 Fabrication, Conditioning and Test ProceduresS~6.3.2.1 Fabrication - All specimens were fabri~cated in accordance wit h the. pc'o-

cedures outlined in Appendix B.
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6.3.2.2 Conditioning and Test Procedure

6.3.2.2.1 Copper Foil Resistivity Conditioning Condition A - The specimen
was tested as received with no special conditioning.

Test Procedure

1. Measurement of resistance and temperature - Weight re-
sistivity is the electrical resistance of a body of uniform cross
section of unit length and unit weight. In the metric system the
units are expressed as "ohm, meter and grain."
The resistance of the specimen was measured with a Leeds and
Northrop Kelvin Bridge Ohmeter No. 4285 which has an ac-
curacy of 1 0.15 percent.
Since the resistance of the specimen is affected by the temper-
ature, it was necessary to make sure the variation in temper-
ature was kept within 10 F.
The copper foil specimens, prepared for this test, measured
12 inches by 1/2 inch by .0014 inch. There were two 1 oz.
copper strips on a base board of paper base epoxy (13 x 3 x 1/16
inches).
These copper foil strips were produced by etching away 1 oz.
copper which was in the unmasked area on the base laminate.
The strip pattern was cleaned according to Appendix B. The
leads were clamped on each end of the copper strip foil and the
resistance was recorded.
(Temperature was read at time of resistance measurement.)

2. Measurement of Weight - T ' copper foil specimens were
weighed per MIL-P-13949B section 4.5.2.3 and also done by
electrolytic method. Figure No. 75 shows a Sargent-Slomin
electrolytic analyzer which was used in the electrolytic method.
Two methods were used to compare the different resistivities of
the same specimen. TheI olluwing procedure was used to de-
termine the weight of the copper foil on the specimens.

T1I e speciniens were carefu"lly insapected forpat.le o
n•etallic copper, especially along the edges. If copper was pre-
sent on the edges, it was removed by scraping with a razor
blade.

The specimens were washed with distilled water and placed in
a Pyrex tube containing 5 ml of dilute HNO3 (2 vols concentrated
HNO 3 to 3 vols of H20).

This volume was sufficient to cover the entire specimen. At the
end of 1/2 hour, the specimen was removed and thoroughly
washed, using 25 ml of distilled water.
This solution was then transferred to a 180 ml electrolytic
beaker, the final volume being 40 - 45 ml. After adding 0.8 ml
of concentrated NH4QH, the beaker was placed in the electro-
deposition rack. The platinum electrodes used were as follows:

Anode - 52 mesh gauze Cathode - 52 mesh gauze

Diameter - 18 mm Diameter - 30 mm
Height - 15 mm Height - 35 mm
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The electrod•s• wfrv clrenned in dilute HNO3 and washed with
distilled water.
The cathod-e wras then dipped in absolute ethyl alcohol, dried in
an oven at 1-,C. cooled, and weighed. A microchemical U
balance with optical lever and special magnetic dampening was
used for all weighings. The balance had a sensitivity of 0.001 ft
milligram per scale division. I
The cathodes used in the determinations were especially made
so as to have a large area with minimumn weight.
(Approximate weight - 3 grams.)
Special Pyrex supports with electrolytic beakers kept the vlec-
trodes located properly. A. variable speed Pyrex stirrer was
used to agitate the solution. A rectifier was employed as a
direct current source. A potential of 2.8 volts was applied for
1 hour at room temperature. At the end of this time the sides
of the beaker and the exposed areas of the electrodes were
washed down with about 5 nil of distilled water.
Electrolysis was continued for an additional 30 minutes (total
90 minutes). Without breaking the current, the electrodes were
thoroughly washed with distilled water as the beaker was slowly
lowered. The cathode was dipped in absolute ethyl alcohol, dried
in an oven at 1 10 0C, cooled and weighed, and the amount of
copper determined by difference.

Three times during the electrolysis, 10-20 milligrams of pure
urea was added to the solution.

The cathode was pi-epared for the next analysis by removing
the copper with dilute HNO 3 , washing with distilled water.
dipping in absolute alcohol, drying and weighing.

3. Measurement of Length - the gage length of the specimen is the
distance between the cutting marks on the copper foil caused by
the knife marks or the potential clamps. This gage length,
Ll and total length of copper foil strip, L 2 , were measured and
the values recorded. The copper foil strip was measured to an
accuracy of 0.001 inch, using an optical comparator.

4. Calculations - The weight resistivity of the test specimen at a
given temperature was calculated as follows:

W I ',1 L2 Rx

where CW = weight of test specimen in grams

L = ga-e length, used to determine R in meters

L 2 length of test specimen in meters
R = measured resistance in ohms

X

Since the specimens had a uniform cross section, the weight
per unil length and the resistance per unit length would be the
same over any segmented lengiti of die -ipeuiisivn. Aitthei
formula with the temperature correction is as follows:

W20 x -E2 + 0.0006 (T-2 0 C)
L1 L
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Where T is the measured temperature at time of resistanlce
Mq S11 " re )c nt.

Table LXXII shows the copper-foil resi.stivity values of manu-
facturer A and B calculated by both techniques. As shown,
there was very little difference found between using the method
of MIL-P-13949B3 or the electrolytic method. Although some
adhesive is removed and weighed with the copper foil as it is
peeled off, there was very little difference in the resistivity
values, with or without tho adhesive. As can be seen from
Table LXXIII, the values are approdimately 0.0110 ohm-
gram/meter square larger than the maximum limit allowed per(0.I1QA0 ohns-gram/meter square) MILTt - 1,•49B The

possible testing errors were re-checked and no errors could be
traced.

TABLE LXXIII

COPPER FOIL RESISTIVITY VALUES OF MANUFACTURERS A AND B

Manufacturer Composite Copper Foil Resistivity Value Resistivity Value
(Copper Clad Material Weight Per MIL-P-13949B Per Electrolytic
Both Sides) Thickness (Ounces) Ohms- (Gram/Meter Method-Ohms (Gram/

(Inches) Square at 200 C Meter Square) at 200 C

A 1/16 1 oz. 0.1698 0.1682

A 1/16 1 oz. 0.1708 0.1690

B 1/16 1 oz. 0.1729 0.1710

B 1/16 1 oz. 0.1789 0=1772

6.3.2.2.2 Solder Dip Test

Conditioning

1. Condition A - The specimen was tested as received except
cleaning off any dirt, grease, etc., per Appendix B.

Test Procedure

"Ilh, crppflr Suriace of tile speein'ell wa.s uh.ciio d wlihll I'illict', and
cut on, and coated with an activated resin flux. The spec('illn wis
then placed foil side down, on the surface of thi solder bthah at a
temperature of 500" F i 10o F (paper base epoxy solder bath
tonlperature)

Figure No. 76 shows the automatic dip solder machine that was
used for the test. Upon removal of the specimen from the solder
bath, the specimen was cooled to room temperature (230 C ý. 50 C)
and examined for blistering or delamination of the foil or laminate.
The solder was skimmed prior to dipping in order to remove the
surface oxide.
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Figure No. 76. -Automatic Dip-Solder Machine
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6.3.2.2.3 Peel Strength Te~st

Conditioning

1. The pe~el strength was determined fur each specimen following
the conditioning procedures liste~d below. Different specimens
were used for each of the conditioning cycles. Figure No. 77
shows the Dillon testing machine that was used for the peel
strength determiined.

a. Ambient Temperature - Condition A - as, received.

b. Solder -Dip-Thscodinn was dontc Vt4 '3 ,. '

c. Eleviited Temperature - The spe(cirlekis we~re, put into 11n di~i

circulating oven at 1400C for I hour. The specimnens were,
then removed and inspected for, any blistering or delamninationl
of the copper foil. If there was no blistering or delamination.
peel strength measuremnents were performed.

Figure No. 78 sho~ws the conditioning oven that was used for,
the elevated temperature conditioning of the specimens.

Test Procedures

1. Measurements

a. The copper foil was stripped from the surface of the lamii-
nate sufficiently to allow the installation of the gripping tab,
usually about 1/2 inch. The loading rate should not exceed
12 lbs. per miniute and the pull se4at r-! /10 nche o
mlinute.

Fit~ur"ý No, 79 shows the etched 1/18 inch peel strength
pal terns. '11we peel strip was 1./8 inch wide and approxi-
ninatel 2 inches lung. The test prLocedure was conducted ill
ae('Ordanve with paragraph 4.5.2,5 MIL-P-13,949B.

2., Calculations

There are no calculations for this test. The peel strength value
was read directly from the testing machine.

6G.3.2.2.4 Volume Resistivity and Surf ace Resistance

Conditioning

1. Sixtee~n samples f rom each of three manuf acture rs were pre-
pared for each of three different thickness of material, 1/16,
3/32 and 1/8 inch. Sample preparation and cleaning was done
in accordance with Appendix B. Sample size and configuration
ws~s in accordance with oalragraph 4.5.2,.G of MIL-P-13949B,
except that etched copper rings and builseves were used. rather
than cronductive- silver paint.
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Figure No. 77. Dillon Testing Machine For Peel Strength Determiination

2.14



Figure No. 78. Conditioning Oven For Temperature Cycling Of Peel Test Specimens
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Fligure No. '79. Etched Specimen Patterns For Peel Strength, Volume Resistivity

Ard surface Resistance Tests
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Test Procedure

1. Samples were placed Lin the modified humidity chamber in the
same manner as detailed earlier for measuring the insulation
resistance values for Task B.

2. After conditioning in the chamber, in accordance with MIT,-P-
13949B, measurements of surface and volume resistance were
made using the same equipment, and the same techniques outlined
in Task B.

3. Volume .... Stt.. t y v .a calculateri aS follows:

RAr = -L

where:
r = volume resistivity in megohmcentinieters

R = measured volume resistance in megohms

A = area of guarded electrode in square centimeters

L = average thickness of specimen in centimeters

4. Surface resistance was measured in megohms.

6.3.2.3 Water Absorption Test

Conditioning

1. At least four specimens per thickness of the specified material to hel
tested were required for this test. After all the specimens were
machined smooth on the edges, they were dried in an oven for 1 hour a.
+ 6 - 0 minutes at 1050 C 1 2°C.

Test Procedure

1. Measurements

a. After conditioning of the specimens, they were cooled in a desiccator
at 23' C ! 5° 0C for 16 to 20 hours and immediately weighed upon re-
moval to 0.0001 grams. The dimensions of the specimens were mea-
sured with a micrometer. The specimens were thenimmersed in
distilled water maintained at a temperature of 230 C 1 20 C. At
least 50 ml of distilled water was employed for immersing each speci-
men. After an immersion of 24 hours + 1/2 hour - 0 hours, each
specimen was removed from the water, the surface moisture quickly
absorbed by a dry cloth, and the specimen reweighed. The test was
conducted in accordance with L-P-406B, method 7031. Figure No. 80
shows the laboratory balance where the specimens were weighed.

2. Calculations

a. The percentage increase in i-.weight at "im.ersio. caicuiat.d to Lilt

nearest 0.01 percent was calculated as follows:

Increase in weight, ,o =

New weight (Wa) - conditioned weight - x/00
(W1 ) x 100 For

Conditionediweight YWl) --
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6.3.2.4 T)iel'ctric bl(reakdowwn

1. All specimens were tested with the copper foil renmoved. Prior to

conditioning. specimens were cleaned with a soft rag and isopropyl alcohol.

2. Specimens for all tests weic conditioned for 48 hours in distilled water
at 50(C (D 48/50) and cooled for 1/2 hour at 23 0 C (D 1/2/23°C). Con-
ditioning andI testing were scheduled in such a way that all specimens were
removed from the elevated temperature bath within the scheduled tolerance
of plus 2 hours and from the room temperature bath within the specified
tolerance of plus 1/2 hour.

3. Measurements
All measurements were taken following the step-by-step test in method 4031
of LP-406 and section 4.5.2.8.2.2 of MIL-P-13949B. Figure 81 shows the
dielectric breakdown test setup and Figure 82 shows the dielectric break-
down specimen with electrodes.

6.3.2.5. Dielectric Constant and Dissipation Factor Test

1. Conditioning

Dielectric constant and dissipation factor determination were made by
the standard procedures as outlined in LP 406, Method 4021, as n- xlified
by MIL-P-13949B, paragraph 4.5.2.9. Eelectrodes were painted UL both
sides of each specimen using Du Pont No. 4817 silver conductive paint.
(An equivalent conductive paint could be used). The 1/32 and 1/16 inch
specimens had 2 inch diameter electrodes painted on one side and 3 inch
diameter electrodes painted on the other side. The 3/32, 1/8, and 1/4
inch specimens had 3 inch diameter electrodes painted on one side and
4 inch diameter electrodes painted on the other side.

2. Measurements and Calculations

Values of capacitance and Q were obtained for each specimen using a
Boonton Q Meter, the values of dielectric constant were then calculated
from the following relations:

K=C - C f
K =

Cd+ Cv

K = Dielectric constant of the material.

C = Measured capacitance of the specimen.

C & C = Edge correction for electrodes of unequal size as defined by
d f equations 31, paragraph 14.d of ASTM D150-54T.

Cv = Equivalent vacuum capacitance using the same electrode geometry.

D= C 1 xQ

Q x C x 02

C1 = Capacitance of ins'.runient tuned without the specimen.
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Figure No. 81. liii luti i-j ir':khjwi Cost Setup

Figure No. 82. Nicyt Co,#oaer'r AMr ijsplov at r



C., = Capacitance of instruennlt tuned with the specimen.

C = Capacitance of the specimen (C1 - C 2 ).

Q1 = W of the instrument tuned without the specimen.

Q2 = Q of t"he instrument tuned with the specimen.

Q = Change in Q Q - Q 2)

Specimens were 4 by 4 inches by the thickness. Electrodes were painted
on the specimens and allowed to air dry a minimum of 96 hours prior to
conditioning.

khigure 83 shows the dielectric constant and dissipation factor test set up.

Figure 84 shows the specimen with electrodes for these two electrical test
determinations.

6.3.2.6 Flexure Test

1. Conditioning - The copper was removed from all specimens by etching.

2. Test Procedure .. 1. specimens from each of three vendors were tested
for material thickness of 1/32 in., 1/16 in., 3/32 in., 1/8 in. and 1/4 in.
Eight specimens were cut from the crosswise direction and 8 lengthwise.
Sample size was in accordance with Table )a of MIL-P-13949B.

Tests were conducted on Flexure Test Machine illustrated in Figure 85.

6.3.2.7 Flammability Test

Coniditio,•l ng

1. The specimen was tested in the as received condition.

Test Procedure

1. Dimensions - At least three specimens were cut to 6 inches in length by
0.5 inch in width by the thickness, The copper foil was etched and cleaned
according to Appendix B.

2. Positioning of Specimen - The conditioned specimen was marked by
scribing two lines 1 inch and 5 inches from one end of the specimen. The
specimen was then clamped in a support at the end farthest from the 1-
inch mark with its longitudinal axis horizontal and its transverse axis
inclincd at 4b 0 to the horizontal. Under the test specimen there was a
piece of 20-mesh bunsen burner gauze about 5 inches squar(, in a hori-
zontal position 1/4 inch below tile edge of the specimen, with 1 2 inch of
the specimen extending beyond the edge of the gauze.

3. Ignition of Spccimcn - A Bunscn burner with a flame 1/2 to 3 1 inch in
height was placed under the free end of the tes. specimen and adjusted
so the flame tip was just in contact with the specimen. At tie end of 30
seconds the flame was removed and the specimen allowed to I.urn. A
stop watch was used to time the flame when it reached th:, 'irs, mark on
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Figure No, 83. Dielectric Constant And Dissipation Factor Test Setup
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Figure No. 84. Dielectric Breakdown Specimen With Electrodes
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Figure No. 85. F'ltxure 'Io.sl MaClhine

the speciimen and time (l.,t'rvwd ti,,ii the flaine reached the 4-inch mark.
3p•c.,jt4ME, When then i!,-did not (.,htoli, t burn after the first ignition, the

i)U'll(" N;is plated under li he fre,,: cud fIii, n ,econd period of 30 seconds
immediately following the extimetinn oif the flame. When the specimen did
not continue to burn to fhr 4-inch nia-k ;,ft r the second ignition, the spe,-
ilnen wais relxprted self-extingih slunw. l"igurc No,. 86 shows the flamma-
bility test setup.

6.4 Analysis of Results

6.4.1 Foil Resislivity

Table LXXIII (page f reports the restuti so iI Munt 2 01111C(e copper foil resistivities.
Asit can be seen in Tabi LXXiI, the resisliviiv VahI,:. perfornedper MIL-P-13949B
holds a greater value for 1 and 2 odn(e(. copper tlhn is stated in MIL-P-13949B. Not
all of the resistivity values performed by the. electrolvtic method are reported. It
was decided to discontinue running the elect rolytic niethod because Task E of the
contract is only concerned with MIL-1P-139-l9ll lest procedures. It would appear that
the resistivity values tested by the elect rolytic method does not vary from the re-
ported resistivities performed per Mii-.P-1394¶913. The averages reported for each
vendor source in Table LXXIV are in turn average-d and one value reported for
copper resistivity in Table LXXIII.

6.4.2 Solder Dip

All of the copper-clad paper-basc el)(Xv lanmiialus tested showed no blisters or
delaminations of (either tlu': coplplr Ioil '1 1:i nia ll.
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I TiBLL I.XXJV

COpPIPERi F01l. HI',XSTIVITV1Y VALUI OF MANIIAC r1;l A(-;] S A.f! AN)D1)

Manulacturer composite C(Ipper Foil liv.stitivitv Value t'siitslivitv Valuct
(Uopper Clad M:lhtrial Weilhit P-er MIN-1 p L-P 13949B Phur h'1ictrnlvtirf Both Sides) Thlirkoess (Otilnwes) Ohmins--(Gramn Mlter MI,,lhid-Ohn.1s (Gi'amin

(fil'h) Squta:re) At 20 C Mi Irr Sqlar') At
20 C

A 1,16 1 oz. 0.16W)8 0.1687
A 1. 16 1 oz. 0.1708 0.16 'C0
A 1 16 1 oz. 0.16118
A 1 16 1 oz. 0.1692 ...
A 3.32 2 oz. 0.1750 -----
A 3,32 2 oz. 0.1696
A 3(32 2 oz. 0.1714 -----
A 3, 32 2 oz. 0.7723

Average Value 0.1709

1B 1, 16 1 oz. 0.1729 0.1710
B 1, 16 1 oz. 0.1789 0.1772
B 1 16 1 oz. 0.1616 -----
B 1. 16 1 oz. 0.1692 -----
B 3,32 2 oz. 0.1724 -----
B 3:32 2 -z. 0.1750 -----
B 3/32 2 oz. 0.1730 -----
D3 3, 32 2 oz. 0.1755 -----

Average Value 0.1731

I D 1;16 1 nz. 0.1,723 -----
D 1/16 1 oz. 0.1723 -----
D 1/16 1 oz. 0.1756 -----1 D 1/16 1 oz. 0.1704 -----
D 3i'32 2 oz. 0.1717
D 3/32 2 nz. 0.1715 -----
D 3,32 2 oz. 0.1717 -----
|D 3,32 2 oz. 0.1732

Average Value 0.1723

II
I

II
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The materials included the following: I
1. Manufacture A, B and C sources

a. 1/16 inch - 1 oz. copper clad both sides

b. 3/32 inch - 2 oz. copper clad both sides j
c. Base laminate rnnterial was paper blse epoxy. I
The test procedure has been described in paragraph 6.3.2.2.2.

6.4.3 Peel Strength j
The specimens were conditioned and tested accnrding to paragraph 6.3.2.2.3.
Tables LXXV to LXXXIX show the peel strength results of manufacturer A, B and D.
The alter solder dip, temperature cycling and elevated temperature conditions had t
very little effect on the 1 and 2 oun'2e copper peel strips. The 1 oz. copper values
averaged around 10 lbs. per inch width while the 2 oz. copper values averaged 13.5
lbs. per inch width. These values represent averaged values of all three vendors
A, B and D.

6.4.4 Volume Resistivity and Surface Resistance

Tables XC to XCIV show the test results of volume resistivity and surface resistance
on paper base epoxy. The test procedure was performed per MIL-P-13949B. Values
which were too high or low with respect to the overall values reported were not
averaged. It should be noted that Vendor A's resistance values were lower than
those of Vendors B and D. One reason for this could be in variation of resistance
per lot of material for this type of paper epoxy laminate.

6.4.5 Water Absorption

The test procedure has been described in pai-agraph 6.3.2.3 in the report. Tables
XCV to XCVIII give the water absorption results of manufacturers A, B and D
respectively. The results showed consistent values for all three tables. The
following percent absorption values are averages of (16 samples) of both 1/16 and
3/32 inch material of manufacturers A, B and D.

Manufacturer A B D

1/16 inch - 1 oz. .49% .44% .58%,

3/32 inch - 2 oz. .35% .29( .35%-

It is interesting to note that the 1/16 inch - I oz. laminate of manufacturer D percent
absorption value is about the same as reported in Table I on page 8. The com..
mercially published percent absorption value of manufacturer D is .55% for 1/16 inch
laminate.

6.4.6 Dielectric Breakdown

These tests were performed by the Delsen Corporation of Glendale, California for
U.S. Engineering Company. Tables XCIX to CI show the dielectric breakdown test
results of Vendors A. B and D on paper epoxy laminate.
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3 TABLE LXXV

PEEL STRENGTH OF MANUFA'CTrURER A (1/32 INCH THICKNESS)

I _Paper Base Epoxy Larminate

Specimen Composite Copper Copper After After After Condition
Number Material Clad Foil Solder Temperature Elevated A

Thickness Weight Dip' Cycling Tempera- (Lbs/Inch
(inch) (Ounces) (Lbs/Inch (Lbs/Inch ture Width)

Width) Width) (Lbs/Inch
Width)

1 1/32 1 Side 1 oz. io.d 11.0 11.0 12.0
2 1/32 1 Side 1 oz. 10.5 10.5 10.5 12.0
3 1/32 1 Side 1 oz. 10.0 10.5 11.0 11.0
4 1/32 1 Side I oz. 10.5 10.5 11.0 11.5
5 1/32 i Side I oz. 11.0 11.0 I il.0 11.0
6 1/32 1 Side 1 oz. 10,0 11.0 11.0 11.5
7 1/32 1 Side 1 oz. I 11. 11.0 10.5 11.5
8 1/32 1 Side 1 oz. j 10.5 11.0 11.0 12.0

Aver Peel Strength Values 10.4 10.8 10.9 11.7

9 1/32 1 Side 2 oz. 13.0 15.0 16.5 16.0
10 1/32 1 Side 2 oz. 14.0 15.5 15.0 17.0
11 1/32 1 Side 2 oz. 11.5 15.5 17.5 16.5
12 1/32 1 Side 2 oz. 11.0 15.5 17.0 15.5
13 1/32 1 Side 2 oz. 12.5 15.0 16.0 16.5
14 1/32 1 Side 2 oz. 12.5 15.5 18.0 18.0
15 1/32 1 Side 2 oz. 11.5 14.5 16.0 19
16 1/32 1 Side 2 oz. 11.5 j 14.5 17.0 16.5

Average Peel Strength Values 12.2 15.1 16.6 16.5

TABLE LXXVI

PEEL STRENGTH OF MANUFACTURER B (1/32 INCH THICKNESS)

Paper Base Epoxy Laminate

1 1/32 1 &ide 1 oz. 9.5 10.0 10.0 10.0
2 1/32 1 Side 1 oz. 9.5 10.0 10.0 10.0
3 1/32 1 Side 1 oz. 10.0 10.0 9.0 9.5
4 1/32 1 Side 1 oz. 10.0 9.0 9.0 9.5
5 1/32 1 Side I oz. 10.0 9.5 9.5 10.0
6 1/32 1 Side 1 oz. 10.0 10.0 10.0 10.0
7 1/32 1 Side I oz. 9.0 9.5 100 9.5
8 1/32 1 Side I oz. 10.0 10.0 10.0 10.0

Average Peel Strength Values 9.8 9.8 9.7 9.8

9 1 /1/2 1 Side 2 oz. 14.5 1M.5 14.0 15.0
10 1/32 1 Side 2 oz. 14.0 14.5 14.0 14.5
11 1/32 1 Side 2 oz. 14,0 14.5 14.0 15.0
12 1/32 1 Side 2 oz. 14.5 14.5 14.0 15.0
13 1/32 1 Side 2 oz. 14,0 14.5 14.0 15.0
14 1/32 1 Side 2 oz. 14,5 14.5 14.0 15.0
15 1/32 1 Side 2 oz. 14.0 14.5 13.5 15.0
15 1/32 1 Side 2 oz. 15,0 14.5 14.0 15..

Average Peel Strength Values 14.3 14.5 14.0 15.0
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TABLE LXXVII

PEEL STRENGTH OF MANUFACTUR-ER D (1, 32 INCH THICKNESS,)

_. - Paper Bst Epoxy Laminate -- - ________

Specinen CI Inpasi"te Copper Copper After After Afti'r cmidit on
Number Material Clad Foi1 Solder Temperature Elevated A

Thickness Weight Dip Cycling Tempera- (Lbs Inc h
(hn'h) (Ounces) (Lbs/inch (Lbsilnch ture Width)

Width) Width) (Lbs Inch
Wicdth)

1 1,32 1 Side I oz. 10.2 9.5 10.0 10.5
2 1/32 1 Side I oz. 10.5 10.0 9.5 10.5
3 i, 32 1 0idCe I OZ. 10.5 i.0 10.0 10.0
4 1.32 1 Side l oz. 10.0 10.0 10.0 10.0

31.-3 I Side I oz. 10.5 10.0' . 10.0
6 1, 32 1 Side I oz. 9.5 9.5 10.0 10.0
7 1,- 32 1 Side 1 oz. 10.0 10.5 10.0 9.5
8 1 32 1 Side I oz. 9,5 9*5 9.5 10.0

Average Peel Strength Values 1 0.1 10.0 9.8 10.1
9 1,32 1 Side 2 oz. 12.0 15.5 14.0 14.5

10 1/32 1 Side 2 oz. 12.0 15.0 13.5 15.5
10 1/32 1 Side 2 oz. 12.5 15.0 14.0 15.0
12 1/32 1 Side 2 oz. 12.0 15.0 13.0 14.0
13 1,32 1 Side 2 oz. 12.5 15.5 13.5 16.0

14 1/32 1 Side 2 oz. 13.5 14.0 14.0 15.5
15 1/32 1 Side 12 z. 11.0 13.5 13.5 16.0
16 1,32 1 Side J2 oz. 15.0 13.5 14.5 15.0

Average Peel Strength Values 12.6 14.6 13.7 15.2
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TABLE LXXVIII

PEEL STRENGTH OF MANUFACTURER A (1/16 INCH THICKNESS)

Paper Base Epoxy Laminate

Specimen Composite Copper Copper After After After Condition

* Number Material Clad Foil Solder Temperatit, Elevaied A

Thickness Weight Dip Cycling Tempera- (L,/incuh

(Inch) (Ounces) (Lbs/Inch (Lbs/Inch ture Wi dth)
Width) Width) (Lbs/Inch

_ Width)

1 1/16 2 Sides I oz. 10.4 .. ... .

2 1/16 2 Sides 1 oz. 11.0 ......
S11/16 2 Sides I oz. - 10.4 -----

4 1/16 2 Sides 1 oz. 10.0
1/16 2 Sides 1 oz. -----. 10.4

6 1/16 2 Sides 1 oz. 11.0 11..0
7 1/16 2 Sides 1 oz. 10.5
8 1/16 2 Sides I oz. -----. 10.8

9 1/16 2 Sides 1 oz. 11.5
10 1/16 2 Sides 1 oz. 11.0 -----

1/16 2 Sides 1 oz. 100.5
12 1/16 2 Sides 1 oz. 10.5
13 1/16 2 Sides I oz. 10.4
14 1/16 2 Sides 1 oz. Ii.0
15 1/16 2 Sides 1 oz. 10.4 -----

16 1/16 2 Sides 1 oz. 10.4 -----

Average Peel Strength Values 10.6

17 1/16 2 Sides 2 oz. 16.0 16.0 15.5 17.0
18 1/16 2 Sides 2 oz. 16,0 16.0 16.5 17.5
19 1/16 2 Sids 2 oz. 16.0 17.0 17.5 16.0
20 1/16 2 Sides 2 oz. 16.0 17.0 18.0 18.0
21 1/16 2 Sides 2 oz. 16.0 18.0 17.0 18.0
22 1/16 2 Sides 2 oz. 17.0 18.0 17.0 18.0
23 1/16 2 Sides 2 oz. 16.0 16.0 15.5 17.0
24 1/16 2 Side.j 2 oz. 17.0 1i', 17.0 16.5
25 1/16 2 Sides 2 oz. 17.0 18,Q 17.0 17.5
26 1/16 2 Sides 2 oz. 17.0 17.0 17.0 17.0
27 1/16 2 Sides 2 oz. 16.0 16.0 16.0 18.0
28 1/16 2 Sides 2 oz. 16.0 16.0 17.0 18.0
29 1/16 2 Sides 2 oz. 17.0 17.0 16.0 18.0

30 1/16 2 Sides 2 oz. 17.0 16.0 17M0 17.0
31 1/16 2 Sides 2 oz. 17.0 16.0 17.0 17.0
32 1/16 2 Sides 2 oz. 16.0 16.0 16.0 17.0

Average Peel Strength Values 16.4 16.7 16.7 17.3
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TABLE LXIX IX
PEEL STRENGTH OF MANUFACTURER B (1/16 INCH THICKNI-S!S)

_ _trim ase Epoxv LatiiiimiteI

Specimen Composite Copper Copper After After After Condition
Number Material Clad Foil Solder Temperature Elevated A

Thickness Weight Dip Cycling Teimpera- (lIs' hvh
(I1chI) (Ounces) (Lbs/Inch (I.bs/Is ch hlre Width)

Width) W 1dth) (I.WsIInch
Width)

1 1/16 2 Sides I oz. -----. 8.4 -----
2 1/16 2 Sides I oz. 8.8
3 1/,16 ' Sides I oz. -. - -8.8
4 1/16 2 Sides I oz. 9.5 -----.....-

5 1/16 2 Mides I oz. -lu.-
(, 1/16 2 Sides 1 oz. 8.8 .....
7 1/16 2 Sides I oz. ----- 9.5 -----

8 l/ 6 2 Sides 1 oz. ----- 8.4 -----
9 1/16 2 Sides I oz. 8-.8 8..

10 1/16 2 Sides 1 oz. 8.8 -----
11 1/16 2 Sides 1 oz. 88 .....
12 1/16 2 Sides 1 oz. - 8.8
13 1/16 2 Sides I oz. -9... ---

14 1/16 2 Sides 1 oz. 10.0 -----
15 1/16 2 Sides I oz. 8.8
IG 1/1i t Z Sides 1 oz......-8.4

Average Peel Strength Values 8.9

17 1/16 2 Sides 2 oz. 14.0 13.0 14.0 171.0
18 1,116 2 Sides 2 o)z. 15.0 16.0 15.0 16.0
19 1/16 2 Sides 2 oz. 14.0 13.5 13.5 17.0
20 1/16 2 Sides 2 oz. 15.0 13.5 13.5 16.0
21 1/16 2 Sides 2 oz. 15.0 13.5 14.0 18.0
22 1/16 2 Sides 2 (,,. 14.0 14.0 14.0 15.0
23 1/16 2 Sides 2 0t. 15.0 14.0 14.0 14,0
24 1/16 2 Sides 2 oz. 14.0 14.0 13.0 15.0
25 1/16 2 Sides 2 oz. 15.0 13.0 16.0 15.0
26 1/16 2 Sides 2 oz. 15.0 14.0 15.0 14.0
27 1/16 2 Sides 2 oz. 13.0 13.0 14.0 15.0
28 1/16 2 Sides 2 oz. 13.0 13.6 13.0 16.0
29 1/16 2 Sides 2 oz. 13.0 14.0 14.0 17.0
30 1/16 2 Sides 2 oz. 14.0 14.0 15.0 15.0
31 1/16 2 Sides 2 oz. 14.0 14.0 13.0 15.0
32 1/16 2 Sides 2 oz. 14.0 14.0 13.0 15.0

Average Peel Strength Values 14.2 13.8 14.0 15.6 -

2
I
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TABLE LXXX

PEEL STRENGTH OF MANUFACTURIER D (1 1I INCH THICKNESS)

I___Paper Base Epoxyv Lani'natm

11
S.peevimen Cunmposite Crpper Copper Aft,'r Aftli" Afhl"-
Nuunilr Miteriatl Clad Foil Snilder T-mperature ":hvvatvd A

Tli7urkiess Wriglt I)ip Cyli' hilg ui'ra- I I .T.. Thleh
(Inch) (OUnces) (1 1,b 1 "Itc h (I',h .h 1n01 thire, Wi, llh)

i Wildth) W Il id(th.) G llt'h v

___________ widit1 )

I I-IG 2.Sidc., I oz., 10.0 10.0 10.0 I0.0)
S2 1 16 2 Sides. I oz. 10.2 11.0 10.2 10.-13 1 16 2 Sidh,.s 1oz. 10.0 10.5 I0.0 )1o.0
4 1"16 2 Sidct' I oz. 10.0 10.0 10.4 10.0

.1,G 2 Sidevs I oz, 10.2 10.0 10.4 10n.-
6 1, 16 :2 Sidr,. 1 oz, 10.0 10.0 10.0 10.0
'7 1.- 16 2 Sides I oz. 10.0 10.5 10.2 10.-I
8 1. 1(3 2 Sirli';: I Oz. 10.0 10.0 10.0 10.0

I. 1 1(3 2 S h:i.s 1 n,.. 11.4 10.5 11,2 1.,1'
10 1. 10 2 Sotes 1 oz. II.G 11.0 12.0 1?.0,
11 1 1O '2 Sides I oz, 11.6 10.5 12.0 12, 0,
12 1 IG 2, Stles 1 oz. 10.0 11.0 10.4 10.4
13 1:16 2 SilS i OZ. 11.0 10,5 11.4 1 I.t
14 1 1 G 2, Sldes I oz. 11.2 11.5 11.6 1, 1.A,
1.15 1- IG 2 Sidv, I oz. 10.4 11.0 10.4 I0.4
16 1 li 2 Stdl.c5 1 nz, 11.0 10.0 11.0. 11.0

Avenrge Pool Strengt!i Va-iis 10.5 10.5 1'0.7 1i 7

17 1:(1 2 Sls,. 2 nz. 13.0 14.0 13.0 4.P'
18 L it, 2 Sidvs 2 nz. 14.0 1:1... 14.0
19 1116 2 Sdles 2 oz. 13.0 14.0 1..0 13.0
2.0 1: 2 Suiet's 2 oz. 13.0 1.1.0 1t1.0 1 1,10
21 1, In 2 'Sides 2 nz. 14.0 12.5 12.5 i-,,)
2? 1,16 2 Sitdhr 2 oz. 14.0 13.5 12.5I.
23 1 15 2 Sidus 2 oz. 13.0 13.0 12.0 14.,f
24 1 13 2 Sih', 2 i z,. 13.5 1 4.0 13.0 141.0
21S I I r 21 Sihs 2 oz. 14.5 1.3.0 14.0 1.1.0
26 1. I6 2 Sidels 2 P.,'. 14.5 13.0 1.0 _
27 1 .1 2 Sidts 2 o0, 13.5 13.5 12,' :,.fi
28 1 '16 2 Sides 2 oz. 13.0 14.0 13.0 .1.0
29 1:16 2 Sides 2 oz. 13.0 14,0 13.0 1I.0
30 1:1(3G 2 SItles 2 oz. 14.0 13,0 13.i 5,0
31 1,11C 2 Sides 2 oz. 13,0 13.0 13.0 i5.o
32 . 16 1 Sides 2 oz, 14.0 14.0 12.. 15.0

Average Peel Strength Values 13.6 13.5 12V) 14.5
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TABLE LXXXa

PEEL STmENGTH OF MANUFACTURER A (3/32 INCH THICKNESS)

Paper Base Epnxy Laminateo

Specimen Composite Copper Copper After After After Conidition
Number Material Clad Foil Solder Tempierature Eklvated A

Thickness Weight Dip Cycling Te-mpera- (IIs "I1nch
(Inch) (Ounces) (Lbs/Inch (Lbs/Inch ture Width)

Width) Widtlh) (11. h

IWidth)

1 3/32 2 Sidles I oz. 10.0 11.0 11.0 12.0
2 3/32 2 Sides I oz. 10.0 10.0 12.0 10.0
3 332 2 Sidles 1 o01. 9.0 9.0 11.0 11.0
4 3/32 2 Sidles I oz. 9.0 9.0 12.0 12.0

5 ý3/32 2 Sidles I oz. 10.0 10.0 11.0 10.0
6 3/32 2 Sides 1 om., 10.0 0.0 11.0 10.0
7 3/32 2 Sides 1 o0. 10.0 10.0 12.0 11.0
8 3/32 2 Sidles 1 oz. 10.0 10.0 12.0 12.0
9 3/32 2 Sides I oz. 9.0 9.,0 11.0 11.0

IU 3/32 2 Sides I nz. ,q.0 10.,0 12.0 11.0
11 3/32 2 Sides I ot.. 10.0 0.0 11.0 12.0
12 3/32 2 Sides I oZ. 0.0 0.0 10.0 12.0
13 3/32 2 Sides 1 oxz, 10.0 11.0 11.0 11.0
14 3/32 2 Sides 1 oz. 10,0 0.0 11.0 1,0.0
15 3032 2 Sid4es I oz. 9.0 10.0 11.0 11.0
16 3/32 2 Sides I oz. 9.0 9.0 11.0 11,0

Average Peel Strength Values 9.5 9.6 11.2 11.1

17 3/'32 2 Sides 2 oz...... 16.0
18 3/32 2 Sidles 2 oz. 1-.0 ....
19 3/32 2 Sidles 2 oz., 18.0 ..
20 3/32 2 Sidles 2 oz., 18.8
21 3/32 2 Sides 2 oxz, 17.10
22 3/32 2 Sides 2 oz. 16.8 1...
23 3/32 2 Sides 2 oz. 17,0 .....
24 3/32 2 Sides 2 oz. 16.,0
25 3/32 2 Sides 2 o. .... 16.0 .....
26 3/32 2 Sides 2 ox. 16.8
27 3/32 2 Sides 2 oz. ---.- .
28 3/32 2 Sides 2 oxz., 17.0
29 3/32 2 Sides 2 oz. 16.8
30 3/32 2 Sides 2 oz, 16.0 ..
31 3/32 2 Sides 2 oxz. 16.4
32 3/32 2 Sides 2 oz. 16.4

Average Peel Strength Value 16.4
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TABLE LXXXII

PEEL STRENGTH OF MANUFACTURER B (3/32 INCH TIIICKNESS)

I__ Paper Base Epoxy Laminate

Specimen Composite Copper Copper After After After Condition
Number Material Clad Foil Solder Temperature Elevated A

Thickness Weight Dip Cycling Tempera- (Lbs/Inch
(Inch) (Ounces) (Lbs/Inch (Lbs/Inch ture Width)

Width) Width) (Lbs/Inch
Width)

1 3/32 2 Sides I oz. 9.5 10.0 9.0 12.0
2 3/32 2 Sides 1 oz. .10.0 11.0 10.0 11.0
3 3/32 2 Sides 1 oz. 9.5 11.0 11.0 10.0
4 1/32 2 Sides 1 oz. 11.0 10.0 10.0 11.0

5 3/32 2 Sides 1 oz. 10.0 10.0 10.0 11.0
6 3/32 2 Sides 1 oz. 10.0 10.0 9.5 11.0
7 3/32 2 Sides 1 oz. 11.0 10.0 10.5 11.0
8 3/32 2 Sides 1 oz. 11.0 9.5 9.0 12.0
9 3/32 2 Sides 1 oz. 10.0 10.0 10.0 12.0

10 3/32 2 Sides I oz. 9.0 9.5 9.0 10.0
11 3/32 2 Sides 1 oz. 9.0 11.0 10.0 11.0
12 3/32 2 Sides I oz. 10.0 10.0 11.0 11.0
13 3/32 2 Sides 1 oz. 10.0 10.0 9.0 11.0
14 3/32 2 Sides 1 oz. 9.5 9.0 10.0 11.0
15 3/32 2 Sides 1 oz, 10.0 9.0 10.0 11.0
16 3/32 2 Sides I oz. 10.0 10.0 10.0 H1.0

Average Peel Strength Values 10.0 10.0 9.9 12.1

17 3/32 2 Sides 2 oz. 14.0
18 3/32 2 Sides 2 oz. 14.0
19 3/32 2 Sides 2 oz. 14.0
20 3/32 2 Sides 2.oz. 13.5 -----
21 3/32 2 Sides 2 oz. -----. 13.0 -----
22 3/32 2 Sides 2 oz. - ---14-0
23 3/32 2 Sides 2 oz. -----. 14.0 -----
24 3/32 2 Sides 2 oz. -----. 14.0
25 3/32 2 Sides 2 oz. 14.0 ..........
26 3/32 2 Sides 2 oz. ----- 14.0 .....
27 3/32 2 Sides 2 oz. 14.0
28 3/32 2 Sides 2 oz. 14.0 -----
29 3/32 2 Sides 2 oz. 14.0 .....
30 3/32 2 Sides 2 oz. - -----13.0 ----
31 3/32 2 Sides 2 oz. 14.0
32 3/32 2 Sides 2 oz. 13.0

Average Peel Strength Value 13.8
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TABLE LXXXII I
PEEL STRENGTH OF MANUFACTURER D (3/32 INCH THICKNESS)

Paper Base E]oxy Laminate I
Specimen Coinposite Copper Copper After After After Cnnditiron
Number Material Clad Foil Solder Temperature Elevated A

Thic kess Weight Dip Cycling Tempera- (Lbs Inch I
(Inch) (Ounces) (Lbs /Inch (Lbs'Inch ture Width)

Width) Width) (Lbs *Inch
Width) i

1 3/32 2 Sides 1 oz. 9.0 9.0 10.0 1I1.0
2 3/32 2 Sides 1 oz. 9.0 10.0 9.0 10.0

3/32 2 Sides I oz. 10.0 10.0 9.5 10.0
4 3/32 2 Sides I oz., 9.5 9.0 8.5 9.0
5 3/32 2 SIdes I oz. 8.5 10.0 10.0 8.5
6 3/32 2 Sides 1 oz. 9.0 10.0 9.0 9,5
7 3/32 2 Sides 1 oz. 10.0 10.0 9.0 10.01
8 3/32 2 Sides 1 oz. 8.5 9.0 9.0 9.0
9 3/32 2 Sides I oz. 10.0 9.0 10.0 9.0

10 3/32 2 Sides I oz. 9.0 9.0 9.0 10.0
11 3/32 2 Sides I oz. 9.5 10.0 9.0 9.0
12 3/32 2 Sides 1 oz. 9.0 10.0 9.0 9.0
13 3/32 2 Sides 1 oz. 10.0 8.5 10.0 10.0
14 3/32 2 Sines I oz. 9.5 9.0 9.0 8.5
15 3/32 2 Sides I oz. 9.5 9.0 10.0 0.0
18 3,32 2 Sides I oz. 9.5 9.0 10.0 9.0

Average Peel Strength Values 9.3 0.4 9.4 9.4- - _ _.. . .

17 3/32 2 Sides 2 oz. 12.0 13.0 10.8 12.0
18 3/32 2 Sides 2 oz. 12.0 12.0 11.0 12.0
19 3/3,2 2 Sides 2 oz. 12.2 13.0 11.6 12.0
20 3/32 2 Sides 2 oz. 12.2 12.0 11.6 12.4
21 3/32 2 Sides 2 oz,. 12.6 12.0 11.6 12.8
22 3/32 2 Sides 2 oz. 12.2 12.0 11.6 12.0
23 3/32 2 Sides 2 oz. 11.2 13.0 12.0 11.2
24 3/32 2 Sides 2 oz. 11.6 12.0 10.8 11.6
25 3/32 2 Sides 2 oz. 11.4 11.5 10.8 11.6
26 3/32 2, Sides 2 oz. 12.0 13.0 11.6 12.4
27 3/32 2 Sides 2 oz. 12.0 12.0 10.8 12.0
28 3/32 2 Sides 2 oz. 12.0 13.0 10.5 12.0
29 3/32 2 Sides 2 oz. 11.6 10.5 12.,0 11.6
30 3/32 2 Sides 2 oz. 12.6 14.0 11.6 12.8
31 3/32 2 Sides 2 oz. 12.0 12.0 12.4 12.0
32 3/32 2 Sides 2 oz. 12.0 12.0 11.6 12.0

Average Peel Strength Values, 11.9 12.3 11.3 12.6

23.
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TABLE LXXXIV

PEEL STIHENGTII OF MANUFACTUIRER A (1 8 INCH TIICKNESS)

Paper Bis. Ep-xv Lamu,;t,'~f

i Specimen Composite Copper Copper Aftvr After AOl,.r Condilton
Numnier 'Material Chid Foil Solder Tiumperature EI-.vAted A

Thickness Wriarht Dip Cv,'hntl T!,nIpera- {1 ,s Inih
Uhl11h) (Outlres) (lbs; Inch (I Ich -hiih-,. WitOh)

Width widil) 0,' lit-h)

11 8 I Sd,, oz, 10.0 11.0 10.5 11.0
2 1 8 1 Stid if,. ,1.,5 11.0 10.5 51.0
3 1 8 1 sut, I oz. !).0 11.0 10.5 11.n
4 1 1 1 sidv' I oz. 8.5 10.5 10.5 11.

5 1 8 I .S8iht I oz. 10.0 11.0 10.0 11.5
6 1i 8 lSide I nz. M.0 11.0 10.5 11.0
7 1.8 1 Side I 'fiz. 9.5 11.0 10..5 11.0
8 1 8 1 Side I oz. 9.5 10.5 10.5 11.5

Averare Pvel Strength Values 9.4 10.9 10.5 11.3

9 1 8 1 SNIC 2 oz. 14.0 14.5 14.0 Ir,.n
10 1 ai I .sid . 2 ,,z. 15.0 14.0 13.0 1 I1.0

1 * I Slf.h 2 11A, 1.1.0 i:1...r 15.0 17*.)
12 1. 8 I ."ilth. 2 ,•., 14.0 14.5 15.5 1 ;. r
13 1.8 I Said 2 oz. 15.0 15.0 16.0 17.0
14 1 8 1 sidh, 2 oIz. 15.0 14.0 15.0 1(;.a
15 1 8 I Side 2oz. 15.0 14.0 15.5 15.0
16 1 8 1 Side 2 oz.. 14.0 14.0 14.0 I1.0

Averaice Pfel Strength Values 94.5 14.2 14.8 1 6.

TABLE LXXXV

PEEL STRENGTH OF NIANUFACTUPIER B (1, 8 INCH THICKNESS)

Paper Base Epoxy Lanminate

1 8 1 Side I.oz. 0.5 10.5 !.0 n.
2 1I8 I Side, I nz, 9.5 10.5 1.0 10.5
3 18 1 Side I oz. 9.5 10.0 9.5 1.0
4 1.8 1 Side I oz. 9.5 9.5 9..5 10.5
5 1 8 1 Side I oz. 9.0 10.0 91.0 10,-.5
6 1 8 1 Side I oz., 0.5 10.0 9.0 IO.0
7 1 8 1 Side I cz. 8.5 10.0 9.0 10
8 _ _ 1. Z _ ISide I oZ. 9.0 9.5 (i.

Averarp P.,i Strenthi Values 8.1 10.0 1.2 10 1

1 H I Sid, 1 2 si. 13.5 12.0 13.0 14J)
10 118 1 Side 2 oz. 12.0 12.5 14.0 14.0
11 1,8 1 Side 2 oez. -13.0 13.0 12.5 11-.0
12 1,8 I Side 2 oz. 12.0 12.0 13.0 13.5

1 "A I Side 2 oz. 12.0 11.5 12.0 14.0
14 11, 8 1 Side 2 oz. 12.0 11.0 12.0 1
,51,'8 1 Sidc 2 oz. 12.5 11.0 12.0 4.0
16 1/8 1 Side 2 oz. 13.0 12.0 12.5 14.0

Averagie Peel Strength Values 12.5 11 9 12.60
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TABLE LXXXVI

PEEL STRENGTH OF MANUFACTURE D (0 8 INCH THIC'N'ESS)

Paper Base Epxv Lan.inat.

Specimen Composite Copper Copper After After After ICondlilin
NumbcTr Material Clad Foil [ Solder Tmiperature Elevated A j

Thickness Weight Dip Cvw'ing Tepewra- Ul~bs Inch
(Ineh) (Ounces) (I.ls Inch (1.I1u Inch i urv Wudth)

I 1 l 1 Sidh 1 oz. 9.5 10.5 n.0 10.0
2 1,8 1 Side 1 oz. 8.5 10.0 9.0 10.0
3 18 1 Side 1 oz. 10.0 10.0 9.5 10.5
4 1 8 1 Siodf 1 oz. 10.0 9.5 8.5 10.0

1. 11 i 1 ( . 0.35 10.0 D.0 10.5
6 118 1 Side 1 oz. 9.0 10.0 q.0 10.0
7 1 8 1 side I oz. 9.5 10.5 9.5 10.0

8 1 8 1 Side I oz. 8.5 9.5 9.5 10,5

Avera'ue Peel Strength Values 9.3 10.0 9.1 10.2

9 1.8 1 Side 2 oz. 11.0 12.0 12.5 13.0
10 1. 8 1 Side 2 oz. 10.5 12.0 12.0 13.0
I 1 8 1 Side 2 oz. 9.5 12.5 13.0 13.5
12 1 8 1 Sl 2 uz. 9.5 12,0 12.0 13.0
13 1 IiSt1h4 1 2 '_' .1 /'10..5 1:.0 12.5 1-1.0
14 I H I Sidi' 2 1 .z. IIl 13:.0 12.. !3.
15 1 8 1 Sid,, 2 o,.. 11.0 12.5 13.0 13.0
16 1 8 j 1 Side 2 oz. 10.5 13.0 12.5 14.0

Average Peel Strength Value.s 10.6 12.5 12.5 13.4

TABLE LXXX'VII

PEEL STHENGTH OF MANUFACTUPIER A (1 4 I:,C:: THICKNESS)

Paqwr Base Exv Laminate

I 14 1 Side I oz. 12.5 12.5 12.5 12.5
2 1 4 1 Side I oz. 12.5 12.5 12.0 12,5
3 1A4 1 Side l oz. 12.0 13.0 12.5 12.0
4 1,4 1 Side I oz. 12.0 12.5 12.0 12.0
5 ,A I S.ide I oz. 12.5 13.0 13.0 12.5
6 1 4 1 Stic I oz. 12.5 12.5 12.0 13.0
7 1 4 1 Side 1 o7. 13.5 13.0 12.5 13.5
a l.-4 1 side, I nF. 13.0 13.0 1 12.5 12.5

Averaize Peel Strength 12.6 i2.8 12.4 12.5

9 11,4 1 Sidfi ? oz. 14.0 13.5 14.0 1
10 1/4 1 Side 2 oz. 14.5 13.0 15.0 1,I.5
11 1A4 I Side 2 oz. 15.0 12.5 14.0 15.0
12 14 1 Side 2 oz. 13.5 13.0 14.0 16.5
13 1/4 1 Side 9 n7 IA.5 1n.C 15.0 . 5.5
14 1/4 1 Side 2 oz, 1 1313.0 14.0 15.0 1

15I4i iti - Iz CU. 14.0 15.0 16.0

16 1/4 i Side 2 oz. 14.5 13.5 15.0 15.0

Average Peel Strength Values 14.1 13.2.' 14.5 15.4
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i
TABLE LXXXV1II

PEEL STRENGTH OF MANUFACTURER D3 (1/4 INCH THICKNESS)

Rip ;-r Base Epoxy ILaminate

Specdinen Cnml(miite Cnppvr Ccipper Aftr After After Conivtion
Number Material Clad Foil Soldfh-r Temperature Elevated A

Thickness Weight Dip Cycling Tempera- (I,Ihs/Inch

(InchI (Ounces) (Lbs/Inch (Lbs/Inch ture Width)
Width) Width) (Lbs/Inch

Width)

1 1/4 1 Side I oz. 9.0 9.5 8.5 10.0
2 1/4 1 Side 1 oz. 9.5 10.5 8.5 10.0
3 1/4 1 Side 1 oz, 10.0 9.5 8.0 10.0
4 1i/4 I Side I oz. 9.5 9.5 8.5 10.0
5 1/4 1 Side I oz. 9.5 9.5 7.0 10.0
6 1/4 1 Side 1 oz. 9.0 9.5 8.0 10.0
7 1/4 1 Side I on. 8.5 9.5 8.5 10.0
8 1/4 1 Side I oz. 8.5 9.5 9.0 10.0

Average Peel Strength Values 0.1 9.6 8.6 10.0

9 1/4 1 Side 2 oz. 13.5 14.0 14.0 14.0
10 1/4 1 Side 2 oz. 12,0 14.0 13.0 14.0
11 1/4 1 Side 2 oz. 12.5 13.0 13.0 14.0
12 1/4 1 Side 2 oz. 13.5 12.5 14.0 15.5
13 1/4 1 Side 2 oz. 13.0 13.0 13.0 14.0
14 1/4 i Side 2 oz. 13-5 14.0 14.0 14.0
15 1/4 1 Side 2 oz. 12.0 13.0 13.0 14.0
16 1/4 1 'Nide 2 o-. 13.0 13.5 13.0 14.5

Average Peel Strength Values 1I .9 13.4 13.4 14.3

TABLE LXXXIX

PEEL STRENGTH OF MANUFACTURER D (1/4 INCH THICKNESS)

Paper base Ej Laminate

1 1/4 1 Side I oz. 9.0 9.5 9.0 10.5
2 1/4 1 Side 1 oz. 9.5 13.0 0.0 10.5
3 1/A I Side I oz. 8.0 9.5 9.5 10.5
4 1/4 1 Side I oz. 9.5 11.0 9.5 10.5
5 1/4 1 Side I oz. 10.0 10.5 9.5 11.0
6 1/4 1 Side I oz. 9.0 10.0 10.0 10.5
7 1/4 1 Side 1 oz. 10.0 10.0 9.5 10.5
8 1/4 1 Side I C4. 1i0.0 10.0 9.5 10.5

Average Peel Strength Values 9.4 10.4 9.4 10.5
9 1/4 1 Side 2 oz. 12.0 12.0 13.0 13.5

10 1/4 1 Side 2 oz, 11.5 11.0 12.0 14.0
11 1/ 1 Side 2 oz. 12.0 12.0 12.0 14.0
12 1/4 1 Side 20/,. 11.5 12.0 12,0 13.5
13 1/4 1 Side 2 oz. 12.0 12.0 12,0 13.0;4 iL' o :• t: 4 ,z.i . .0ij.X 1 .t

15 1/4 1 Side 2 oz. i11.0 12.0 13.0 13.0
16 1/4 1 Side 2 oz. 1 2.0 11.0 12.0 13.0

Average Peel Strength Values 11.6 11.8 12.4 13.4
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TABLE XC

VOLUME RESISTIVITY AND SJI? FACE I0 .SIS•TANCI._ jJrQL .
MANUFACTURPi'i{ A (1i."16 AN 3/32 INCH TIIICKNESS

Paper Ik, se Epoxy Laminate

Copper Composite stlifat"

Specimen Copper Foil Material Volume Resislivity Re:i e
Number Clad Weight Thickness Nv lif

(Ounces) (Inch) (Mcgohni-Centimeters) (Mcu,1,hms)

1 Two Sides i oz. 1/16 1.4 x 105 x 105

2 Twvo Sides I oz. 1/16 4.3 v 10 5 x 105

"3"wo Sides ! 1. 2 ,xt, 1.2910 j
4 Two Sides I oz. 1,"16? 2. 16 x i0a Z x Itj,
5 Two Sides 1 1 2Iffi 1.29 x 10 4 x 105

IY Two Sies I oz. 1/16 3.23 x 10I 3.5 x 105

7 Two Sides 1 oz. 1,16 2.48 x 10 5 x 105

8 Two Sidhes I oz. 1/16 2.G9 X 108 8 x 10'5

9 Two Sides 1 oz, 1/16 1.25 x 108 7 x 105

10 Two Sides 1 oz. 1/16 4.97 x 108 7 x 105

11 Two Sides 1 o/.. 1/16 4.97 x 108 7 x 105

12 Two Sides 1 oz. 1/16 0.99 x 108 7 x 105

13 Two Sides 1 oz. 1/16 0.97 x 10 8  7 x 105

Averaq,,v Value 2.49 x 1085.70 x 10 5

14 Two s)(lc,, 2 oz. 3/32 G. 15 x 1O0 2.0 x 105
15 Two Sides 2 nz. 3/32 6.050 x 10 8  1.6 x 105

16 Two Sides 2 o z. 3/32 7.17 x 108 0.8 x 105

17 Two Shies 2 oz. 3/32 9.47 x 10 8 1.3 x 105

18 Two Sides 2 oz. 31/32 7. 17 x 108 2.0 x 105

19 Two Sides 2 oz. 3/32 8.60 x 108 2.0 x 105

20 Two Sidc• 2 oz. 3/32 7. 81 x 10 8 0.53 x 10 5

21 Two Sides 2 oz. 3/32 7.27 x 108 0.72 x 105

22 Two Sides 2 oz. 3/32 8. 10 x 10 8  1.8 x 105

23 Two Sid8es 2 oz. 3/32 10.570 x 10 3A) x 105

24 Two Sides 2 oz. 3/32 9.40 x 108 02. x 105

25 Two Sides 2 oz. 3/32 8. 00 x 108 2.0 x 105

26 Two Sidehs 2 0z. 3/32 6.50 x 10 8 2.0 x 105

27 Two Sides 2 oz. 3/32 7.00 x 108 2.0 x 105

28 Two Sides 2 oz. 3/32 8.60 x 108 1.0 x 105

3 1 0x8 3 , 105
2 wo Sides 2 11 3/02 9.47 x 10 0 x 10

Av2Trage Value 8.00 x 108 2. 83 x 105
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TABLE XCI

VOLUME RESISTIVITY A\D SUIRFACE RESISTANCE TEST RESULTS OF
IMANU IACTUIIER F1 (1 1( AND 3,.32 INCH THICKNESS)

Paper hkise Epoxy Laminate

uCopper Composite 5utiL w
Specimen copper Foil M.Itor iia Viurmne Resistivity Ies ist .iuv I
Number C lad Weight Trhi(ckness 1H HS,

(Ouunces) (Ihe.h) (Mcgroim- Centiricters) (PIii n•s)

T Tl-,( Siesf 1 o.. '-1' I6 3.40 x 108 20.4 N 105

Two1:1 S•icc's I ( )P., 1 1lr, 5.3H x 108 27.0 x 10'I .|""iitli , h .* l l~',:' '" 1 Iv . .,-.-..-1.'311 \ 1 12 .J 101 "

4 Slu ' i ,I,'." I o",'. I It'G 5. Hfr; .i l0 2 H. [0• it

5 Two Sidhs "1 o0. 1.- 16 5. 3 x 108 20.0 x 10:

6 Tw.o.', SifvIes I o/.. If/136 6, 47 X lIf( 22. 8 X t0S

7 Tm Sidt's I z. L' 16 4.98 x 108 33.4 x 10
a Two Sidte', I VT.. 1/16 4.78 x 108 29.4 x 1t}.

9 Two Sides I oz. 1/16 5.40 x i0 1b. 6 x 10

10 Two Sidi'rs I o,:, 1 16 11.905 x 10 20.0 x 10'

11 T ,t , sIh's I n?.. 1. 16 7. I 8x 10 19.2 x 10

12 "Two srdos 1 ,,. 1.. 16 4.98 x 10" 1. 2 x 105

13 'ThN) Sid,'., .. oz.I I F 5. 8b x k 10 23.3 x 10

14 r1,, Scdv,, 1 ,.. 1 1.i 5.3H . 11) 2 .8 x 10
8S15 I "', SioI I ol,?" I I, 5.38 x 10 24.2 x 109

16 wo Sit'. 1 1.* I, 16 7.18 x 10 21.8 x 10.

Avrair.. Value I5.5 x I08 21. G x 1)5

17 i v, s l,, 2 1 3 3 2 5 .3 7 x 10 )It8 17 . 14 x 1 10 5

1i 'I.vr Isil"s 2 n.(.. 3,-32 7. 17 x 10 13.9 x 105

19 Twi' Si ll'', 12 Wt. 3, 32 7. 111 x 108 21.7 x 1o5

20 'Iwo SIt(s 2 uO. 3/32 S. 15 x I08 12.2 x 10(5

21 T\% 1 S)tfIc- 2 oz. 31-32 7, 17 x 10" 21. K x 105

I 22 " a S0I(v. 2 o/.. .3 32 6.72 x 108 - ' 25. C' . 1N 5

23 "" S,(It's 2a o13. 3 32 6. q95 x 1018 20. 0 5

8 524 Tv." iduoh:' 2 ,1. 1 32 (3.531 x 108 1"t.5 % 10
2:5 j'\ rwn SIdlv. 2 oz, 3.32 35 W I 1D8 3. ,] 5

26, Two Sides 2 nz. 3 32 86.'110 x 10, "6- X P)5

27 Two Sail's 2 oz. r/322 6.72 x 10, 12 . 5 1 ot5

I Tw.Side- 2 oz. :3i32 5.74 x 108 16.7 x 11.5

29' Twu Sides 2 oz. 3 3-32 97.S0 x 110 20.4 T 10.5

30 Two Sides 2 w.. 3/32 6.15 x 100  16. 7 x 10

31 Two Sides 2 oz. 3/32 6.33 x 108 55. H x 10

Twio Sides 12 oz. 3/32 6. 63 x10 0  13.2 105
10 F

SAvera - V6lun G. 517,x 010 I .- 6 10 5
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TABLE XCII

VOLUME PESISTIVITY AND SURFACE RIESISTANCE TEST RESULTS OF
MANUFACTURER D (1, 16 AND 3/32 INCH THICKNESS)

Paper Rise Epoxy Laminhte

Copper Composite Surluae
Specimen Copper Foil Material Volume Reslstivity Re.isian'e
Number Clad Weight Thickness RlV RS

(Ounces) (Inch) (Megohmi-Centimeters) (MrgIimis)

1 1 Two Silt'. I ,.z. 1/1 1. 030 x 108 28.6r x 10

2 Two Sides I oz. 1/16 0.996 ' 108 25.0 x V)

3 Two Sides 1 oz. 1/16 0.938 x 10• 27. h x 1•'

4 Two Sides I 1z. i,16 0.770 x 10 17.25 x 11)

5 Two Sides .1 oz. 1/16 0.938 x 10 13.15 x 11)

6 Two Sides 1 oz. 1/16 1,019 x 1U8  22.70 -, Io L

7 Two Sides I oz. 1. 16 0.702 x 108 22.70 x 10'

8 Two Sides I oz. 1/16 0.925 x I08 50.00 x 105

9 Two Sides I oz. Ii16 0. 572 x 108 13.15 x 105

10 Two Sides I I)z, 1/16 0. 874 x 108 21.30 x 105

11 Twn Si, I oz. 1/16 1. 010 x 108 18. 85 x 105

12 Two Snds I a,. I, 16 0. 862 x 108 91.0 x 10 5

13 Two SIls I oz. 1,'16 1.078 x 10H 15. 2 x 105

14 Two Sides 1 oz. 1/16 0.996 x 108 41.70 x 105

15 Two Sides 1 oz. 1116 0. 328 x 108 55.50 x 105

16 Two Sides I oz. 1/,16 1.028 x 108 46.70 x 105

Average Value 0.910 x 108 28.0 x 105

17 Two Sides 2 Az. 3/32 1. 130 x 108 51.5 x 105

18 Two Sides 2 oz. 3/32 1. 148 x 108 42.7 x 105

19 Two Sides 2 oz. 3 '32 1.075 x 108 48.0 x 105

20 Two Sides 2 oz. 3/32 0. 730 x 10 40.3 x 105

21 Two Sides 2 oz. 3/32 1. 195 x 108 42.4 x 105

22 Two Sides 2 oz. 3/32 0.796 x 108 27.4 x 105

23 Two Sides 2 oz. 3/32 0. 606 x 108 34.95 x 105

24 Two Sides 2 oz. 3/32 1.025 x 108 87.71 x 105

25 Two Sides 2 oz. 3.32 0.488 x 108 61.00 x Io0

26 Two Sides 2 oz. 3/32 1. 025 x 108 43.50 x 1lo5

27 Two Sides 2 o0. 3,32 0.895 x 108 91.0 x Io

28 Two Sides 2 oz. 3/32 0.934 x 10 8. 3 x 10

29 Two Sides 2 oz. 3/32 1.048 x 108 80.7 x 105

30 Two Sides 2 oz. 3/32 1. 076 x i0U V 74.7 x 10" 1

31 Two Sides 2 oz. 3/32 0.642 x 108 53.2 x 105
32 Two Sides 2 oz, 3/32 0.812 x 10G 44.7 x 105

Average Value 0.915 x 108 35.5 x 105

240



l TABLE XCIII

VOLUME RESISTIVITY AND SURFACE RESISTANCE TEST RESULTS OF
MANUFACTURER A AND B (1/8 INCH THICKNESS)

Paper Rise Epoxy Laminate

Copper CompositeySuIidq
Specimen Copper Foil M'ateria Volume esistvityi c

Number Clad Weight Thickness [IV US
(Ounccs) (Inch) (Megolm- Centimeters) (Mt.',[&ilms)

I ""wf) Sidvs 1 oz. 1/8 1.30 x 10 4.1 x 10

2 Two Sides I oz. 1/8 1.35 x 108 2.5 x 1 5

3 Two Sides I oz. 1/8 2.45 x 108 3.4 x I ýy

4 Twn Sides 1 oz. 1/8 3.40 x 10 I 6.3 x 10"
S5 Two Sides I oz. 1/8 4, tit x 10 8 S. .4 x 10h

C) Two Sides 1 oz. 1/8 3.24 x 108 10.0 x 105

7 Two Sides 1 oz. 1/8 4. 65 x 108 r'.0 x 105

8 Two Sides 1 oz. 1/8 1.75 x 108 5.0 x 10 5

9 Two Sides 1 oz. 1/8 2.50 x 1068 IGx 5

10 Two Sides 1 oz. 1/8 2.45 x 108 4.7 x Io

11 Two Sidt's 1 oz. 1/8 3.08 x 108 7.3 x 1(5

12 Two Sick's I oz. 1/8 2.75 x 108 10.4 x If5

13 Two Sid,'. I oz. 1 '8 1. 85 x 10 7.0 x 105

14 Two Sides I oz. 1. 8 3.46 x 108 6. 5 x 105

15 1 Io S1des 1 oz. I '8 1. 65 x 10.8 9.0 x 11)5

16 Two Silc-SI1 oz. 1/8 2.75 x 108 , 8 x 14)

_ _ _ _~~~ I _ _ _ _ _ _ __ __ -- _ _ _ _ _ I -- _ _ _

Average Value for Manufacturer A 2.42 x 108 5.98 x 10

17 "wn Sides 1 oz. 1 hi 4.58 x 10n 100 x 1

18 Two Sides 1.oz. 1/8 5.08 x 108 x 26.1 q 1

'I Two SIdl, o 1 .,.. 1/8 6.40 x 108 15. r x l0

20 Two Sides I oz. 1/8 5.01 ?c 108 4)0.6 A 0

21 Two Sides 1 01. 1/8 6. 15 x 108 ).38 5 10

22 Two Sidvs I oz. 1.8 6.67 x 10 8 ] 8.47 x Iu

23 Two Sides I oz. 1/8 6.16 % 108 I 49.0 x 10:

24 Two Sides I oz. 1/8 8.43 x 108 39.1 1 x 10

25 Two Sides I Oz. 1/8 6.06 x 108 j 45.5 % !05

26 ","wo Sides I oz. 1/8 4.93 x 108  j 46.7 x 105

27 Two Sides 1 oz. 1,8 6.96 x 108 I 51.5 x 10
8 515 15

i8 Two Sides 1 oz. 1/8 6.67 x 10 42.4 x 108 5

29 Two Sides I oz. 1/8 6.67 x 108 25.9 x 1t5

30 Two lidtc' I oz. 1/8 5.34 105 .

31 Two Sides I oz. 1/8 8.00 x 108 60.5 x 1

32 Two Sides 1 oz. 1/8 6.40 x 108 19." x 1')"

Average Value for Manufacturer B 6.28 x 108 35.0 x 10 5
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TABLE XCIV

VOLUME RESISTIVITY AND SURFACE RESISTANCE TEST RESULTS OF
MANUFACTURER D (1/8 INCH THICKNESS)

Paper Base Epoxy LaminateI -- I
Copper Composite Surface

Specimen Copper Foil Material Volume Resistivity Resistance
Number Weight Thickness RV RS

(Ounces) (Inch) (Megohrn- Centimeters) (Megohms)

1 Two Sides 1 oz. 1/8 1. 040 x 108 32.41 x 105

2 Two Sides 1 oz. 1/8 0. 828 x 108 17.62 x 10 5

3 Two Sides 1 oz. 1/8 0. 928 x 108 33.14 x 105

Two Sides 1 oz. 1/8 0. 725 x 10 8 18.23 :- 105

8 55 Two Sides 1 oz. 1/8 1.000 x 108  24.78 x 10

6 Two Sides 1 oz. 1/8 1.400 x 10 8  22.34 x 105

7 Two Sides 1 oz. 1/8 1.768 x 108 29.70 x 105

8 Two Sides 1 oz. 1/8 0.973 x 108 31.60 x 105

9 Two Sides 1 oz. 1/8 0.974 x 108 27.27 x 105

10 Two Sides 1 oz. 1/8 1.275 x 108 38.44 x 105

11 Two Sides 1 oz. 1/8 1.250 x 108 33.62 x 105

12 Two Sides 1 oz. 1/8 1.346 x 108 35.40 x IC5

13 Two Sides 1 oz. 1/8 1.234 x 108 33.15 x 105

14 Two Sides 1 oz. 1/8 1.040 x 108 34.00 x 105

15 Two Sides 1 oz. 1/8 0.986 x 108 29.40 x 105

16 Two Sides 1 oz. 1/8 1.740 x 10 8  28.75 x 10 5

Average Value 1. 160 x 108 29.30 x 10
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I
TABLE XCV

3 WATER ABSORPTION TEST RESULTS F MANUFACTURER A

Paper Base Epoxy Laminate

Specimeln CMaterial Copper Copper
Number Thickness Clad TFoil Weight Manufacturer & Absorptinn

(Inches) '(Ounces)

-1 1/16 Double 1 oz. A 0.49
2 1 /16 Double 1 oz. A 0.46
3 1/16 Double 1 oz. A 0.78
4 1/16 Double I oz. A 0.44
5 1/16 Double I oz. A 0,.51
G 1/16 Double 1 oz. A 0.52
7 1/16 Double 1 oz. A 0.49
8 1/16 Double 1 oz. A 0.54
9 1/16 Double 1 oz. A 0,24

10 1/16 Double I oz. A 0.45
11 1/16 Double 1 oz. A 01.52
12 1/1 6 Double I oz. A 0. 52
13 1,16 Double 1 oz. A 0.47
14 1/16 Double 1 oz. A 0.52
115 1/16 Double . oz. A 0.46
16 1/16 Double 1 oz. A 0.49

Average Value 0,49

17 3,- 32 Double 2 'oz. A 0.38
18 3/32 Double 2 oz. A 0.39
19 3/32 Double 2 oz. A 0.37
20 3/32 Double 2 oz. A 0.31
21 3,'32 Double 2 oz. A 0.45
22 3/32 Double 2 oz. A 0.27
23 3/32 Double 2 oz. A 0.31
24 3/32 Double 2 oz. A 0.40
25 3./32 Double 2 oz. A 0.32
26 3/32 Double 2 oz. A 0.33
27 3/32 Double 2 oz. A 0.32
28 3/32 Double 2 nz. A 0.31
29 3/92 Double 2 oz. A 0.34
30 3/32 Double 2 oz. A 0.39
"1 3/9, 2 DoX.•lb!e 2- OZ, A 3:) G
32 3/32 Double 2 oz. A 0.34

Average Value 0.35

22Iinih: I oz. A 0.35
34 1/8 Single I oz. A 0.34
35 1/8 Single I oz. A 0.30
36 1/8 Single 1 oz. A 0.37
3t7 1/8 Single 1 oz. A 0.43
38 1/8 Siingle 1 oz. A 0.44
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TABLE XCV (CONT) I
WATER ABSORPTION TEST RESULTS OF MANUFACTURER A

Paper Bas• Epox-, Laminate

Specimen Material Copper Copper |
Number Thickness Clad Fuil Weight Manufacturer & Absorption(Inches) (ounces)

39 1/8 Single 1 oz. A 0.461
40 1/8 Single 1 oz. A 0.30
41 1/8 Single 1 oz. A 0.25
42 1/8 Single 1 oz. A 0.30 1
43 1/B Single 1 oz. A 0.28
44 1/8 Single 1 oz. A 0.34
45 1/8 Single 1 oz. A 0.32
46 1/8 Single 1 oz. A 0.40
47 1/8 Single I oz. A 0.36
48 1/8 Single 1 oz. A 0.33

Average Value 0.35
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I TABLE XCVI

W.\ UI A" SRPTION TEST RESULTS OF MANUFACTURER B

Paper Base Epoxy Laminate

Composite

Specimen Material Copper Copper
Number Thickness Clad Foil Weight Manufacturer & Absorption

(Incles) (Ounces)

I 1 16 Double 1 oz. B 0.42
2 1- 16 Doubl F 1 oz. B 0.42
3 1 16 Double 1 oz. B 0.47

S1 ' 16 Double I oz. B 0.45
5 1 '16 Double 1 oz. B 0.44
6 I:IG Double 1 oz. B 0.42iI It; Double 1 oz. B 0.46
8 1 11', Double 1 oz. B 0.47
9 1 16 Double I oz. B 0.47

10 1 '1 Double 1 oz. B 0.44
11 I 1 <16 Double I oz. B 0.40
1I. G 18 Double 1 oz. B 0.41

18 I;II, I oz. B 0.45
I ji, l),mnbho 1 oz. B 0.42

1 5 ' 1 11; 1) 'I lh 1 oz. B 0.45
18 I 1 6i; I),lbh)Q 1 oz. B 0.52

I Average Value 0,44

I ;_ 32 Double 2 oz. B 0129
3 /, Double 2 oz. B 0.36

19 3 32 Douletl 2 oz. B 0.37
2: 3 32 Iouble 2 oz. B U.27
2 :1 32 Doubl,' 2 oz. B 0.28
22 3 32 Double 2 oz. B 0.26
23 3 32 Double 2 oz. B 0.29
24 3- 32 D)ouble 2 oz. B 0.28
24 3. 32 DouIbhl 2 oz. B 0.26
'2 :1 32 DouI),hh. 2 oz. B L..30
27 :1 32 IDulh. 2 oz. F3 o..3.,
27 3 '" Iubl~il•" 2 oZ. B

29 .. )ulll 2 oiz. B1

30 3 3., Double 2 oz. B 0.25
31 :. 3!2 IiIDuble 2 oz. B 0.27
32 3 32 rDoulelb 2 oz. B 0.26

Average Value 0.29

I V
33 a1/Is Single oz. B02I !, Single 1 oz. B 0.35

II

31 -T35 1 I "1, Single I oz. B 0.27
3G [ 1"lSing~le 1. oz. B 0.29

i37 I S: ilIlc0 I oz. B 0. 32
38 [ . SmIn-c I oz. B 0.2,3'
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' A'AIL XCV1 (CONT)

WNVA'ItE AflSORPTION TEST RESULTS 01"MANUFACTURER B

P.apr'1 Base Epoxy I .fltfilmflt(

8pr'e~uni~ Corip~osile~
ppcll-1 Malt'rinl Copper Cupper

Nu nih iei I'l ii ulklin s.i Chid Foil wuighIt Ma nufact urer1 & Absorplion
(1ude~)(Ouniecs)

3.9 1/li single 1 oz. B 0.34
40 1/8 Sintgle- 1 oz. B 0.21,6
41 1/8 Sige1oz. B 0.22
421/ in1' rv) B 0. 29
43 1/8 Siniwle I oz., B 0.33
44 1/8 Sinlle,( 1 oz., B 0.26
4 5 1/8 sii~lle1 1 oz. B 0.29
'16 1/8 Sige1 oz.. B 0.24
47 1/8 Single 1 oz. B 0.33
48 1/8 Single 1 oz. B 0.36

Average Value 0.2ý9
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TABLE XCVIT

WATER ABSOIRPTION TEST RESULTS OF MANUFACTURER D (1/16 AND 3/32 THICKNESS)

_ _Pa per Base Epoxv Iaminate

Composite Coppor
Specimen Material Copper Foil Weighl Manulacturer Absirption
Number Thickness Clad (Ounces)

(Inch) -

1 1/16 Double I oz- D 0.44
2 I/e D loub~le I oz. D 0.45

3 1/16 Double I oz. D 0.54
4 1 '16 Double I oz. D 0.56
5 1 '16 Double 1 oz. 1) 0.45
G 1-116 Douhh' I oz. D 0.42
7 1.16 Doublu I oz. D 0.43
8 1/16 Double I oz. D
9 1,16 Double I oz. D *0.43
10 1/16 Double 1 oz. V 0.44
i1 1/16 Double 1 oz. D 0.39

12 1/16 Double I oz. D 0.45
13 1/16 Double 1 oz. D 0.41
14 1/16 Double I oz. D 0.36
15 1/16 Double I oz. D 0.41
16 1/16 Double 1 oz. D 0.37

Average Value 0.44

17 3/32 Double 2 oz. D 0.21
18 3/32 Double 2 oz. D 0.17
19 3/32 Double 2 oz. D 0.29
20 3132 Double 2 uz. D 0.22
21 3/32 Double 2 oz. D 0.27
22 3/32 Double 2 oz. D 0.25
23 3/32 Double 2 oz. D 0.24
24 3/32 DGuble 2 oZ. D 0.26
25 3/32 Double 2 oz. D 0.22
26 3/32 Double 2 oz. D 0.30
27 3/32 Double 2 uz. D 0.19
28 3/32 Double 2 oz. D
29 3/32 Double 2 oz. D 0.25
30 3/32 Double 2 oz. D 0.15
31 3/32 Double 2 oz. D 0.30
32 3/32 Double 2 oz. D 0.20

Average Value 0.24

"SPECIMEN NOT TESTED BECAUSE OF BEING DAMAGED
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TABLE XCVIII

WATER ABSORPTION TEST RESULTS OF MANIJFACTUIIFR 1)(1 8 INNCH TIICKNI.S)

Paper Base Epoxy Laminate

Composite Copper
Specimen Material Copper Foil Weight Manufacturer , Absorption
Number Thickness Clad (Ounces)

(Inch)

1 1. 8 Single I o)Z. D I) 4
2 1 8 1Silgle 1 oi. D.
3 18 Single (1o. /.
4 1 8 Slngle 1 o. 1) /.. 25
5 L.A Sin~le I n4_ Z) 0. 28

6 8 Single I n). 0 O. 36
7 1 8 Single I oZ. 1) 0.32
8 1,8 Single 1 )1. D 0.34
9 1 8 Single I oz. 1 0.37

10 1 8 Single 1 oz. D 0.33
11 1.8 Single 1 oc. D 0. 31
12 1 8 Single 1 oa'. D 0.3-
13 1. 8 Single I oz. D 0.29
14 1.'8 Silgle 1 Or. U 0.27
15 1/8 Single 1 aI. 1) 0.30
16 1.'8 Single I oz. D 0.33

Average Value 0.32
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TABLE XCIX

DIELECTRIC BREAKDOWN TEST RESULTS OF MANUFACTURER A

PTper.l1ise Epoxy Lni htcte

C'm~puslt c CCopper
Spechilen llerit l Ctipper FIl'l Ilrc.ikdown
Number Thickness Clad Weight Voltage

(Inch (Ouces}(Kilhmolfs)

1 1/32 Single I oz. 32.5
2 1/32 Single I oz. 37.5
3 1/32 Single 1 oz. 32.5
4 1/32 Single I oz. 32.5
5 1/32 Single I oz. 30.0

Average Value 33.0

6 1/16 Dougle I oz. 45.0
7 1/16 Doubile 1 oz. 45.0
8 1/16 Doublc I oz. 40.0
9 1/16 Double I oz. 40.0

10 1/16 Double I oz. 450.0

Average Value 43.0

11 3/32 Single 1 oz. > 55.0
12 3/32 Single I oz. > 5b5.0
13 3/32 Single 1 oz. >55.0
14 3/32 Single I oz. >55.0
15 3/32 Single 1 oz. >55.0

Average Value >55.0

16 1/8 SIngle I oz. 55.0
17 !/8 SIngle I oz. >55.0
18 1/8 Single I oz. >55.0
19 1/8 Singtle I oz. 50.0
20 1/8 Single I oz. >55.0

Average Value >54.0

21 1/4 Single I oz. 50.0
22 1/4 Single 1 oz. >55.0
23 1/4 Single 1 oz. 50.0
24 1/4 Single 1 oz. >55.0
25 1/4 Single 1 oz. 55.0

Average Value >53.0

Note: >indicates a value greater than that shown.
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TABLE C

DIELECTRIC BREAKDOWN TEST RESULTS OF MANUFACTURER B

Paper Base Ep)oxy Laminate

Composite Copper
Specimen Material Capper Foil Breakdown
Num Oer 'Thickness Clad Weight Voltage

(Inch) (Ounces) (Kilovolts)

1 1/32 Sin:gle I oz. >55.0
2 1/32 Single I oz. >55.0
3 1/32 Single 1 o7. >55.0
4 1/32 Single I oz. >55.0
5 1/32 Single 1 nI. >55.0

Average Value >55.0

6 1/16 Double 1 oz. 45.0
7 1/16 Douuble 1 oz. 55.0
8 1/16 Double I oz. >55.0
9 1/16 Double 1 oz. >55.0

10 1/16 Double 1 oz. >55.0

Average Value >53.0

11 3/32 Single 1 ov. >55.0
12 3/32 Single 1 oz. >55.0
13 3/32 Single 1 oz. >55.0
14 3 '32 Single 1 o,.. 55.0
15 3-32 Single _ oz. >55.0

Average Value >55. 0

16 118 1inle i oz. >55.0
17 1/8 Sin~le 1 oz. >55.01
18 1/8 Single 1 cz. >55.0
19 2/8 Single 1 oz, >55.0 0
20 1/8 Single I oz. >55.01

Average Value >55.0

21 1/4 Single 1 oz. >55.0
22 1/4 Single I oz. >55.0
23 1/4 Single I oz. >55.0
24 1/4 Single I oz. >55.0
25 1/4 Single I oz. >55.0

Average Value >55.0

Note: >indicates a value greater than that shown.
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'TABLE CI

DIELECTRIC B91EAKDOWN TES;T RESULTS OF MANUFACTUREIR D)

__________ _______________ P~iper Rlise Epoxy Lamimnate

ConplsHite Copper
Specimen Material Copper Foil BrveakdowinNumber Thickness Clad Weight Vdltage

(lih)n (Ouces) (Kilovolts)

1 '; 32 Single 1 oz. >S5,0
2 1,32 Single 1oz. >55.03 1/32 Single I oz. >55. 0

4 1/32 Single 1 oz. > 55. 0
5 1/32 Single 1 mp.. >55.0

Averinge Value >55.0

6 1116 Doble o Oz. >55. I0
7 1116 Double 1 oz. >55. 01
8 1/16 Double I oz. 55..0
9 1/16 Double i oz. ý55.0

10 1/16 Double 1 o.. >55.0

Average Value >55.0

11 3/32 Single I oz. >55.0
12 3/'32 Single 1 oz. >55.0
13 3/32 Single I oZ. >55.0
14 3/32 Single I oz. >55.0
15 3/32 Single 1 oz. >55.0

Average Value >515.0

16 1/8 Single 1 oz. >55.0
17 1/8 Single 1 oz. U
18 1/8 Single 1 o0., >55.0
19 1/8 Single 1 oz. ,>55.0
20 1/8 Single I oz. >55.0

Average Value >55.0

21 1/4 Single I oz .. >55.0
22 1/4 Single 1 o0z. >55.0
23 1/4 Single I oz. >55.0
24 1/4 Single I oz. >55.025 1/,4, Single I oz. >55. 0

Average Value >55.0

Note: >indicates a value igreater than that shown.
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6.4.7 Dielectriic Constant and Dissipation Factor

Tables CII and CIII show the test results of dielectric constant and dissipation factor
fur Venduos A, B and D.

6.4.8 Flexure Test

These tests were performed in accordance with MIL-P-13949B and reported in
Tables CIV to CXVIII. The overall test results were consistent from one vendor to
another. There was an average of 400 P.S.I. variation between lengthwise and cross-
wjsc fUcmxrc Strength values.

6.4.9 Fhminmabiliy Test

This procedure has been deetcribed p1i paragraph 6.3.2.7. A;o can be seen from
Table CXIX, all of the paper base epoxy tpecimens from manufacturers A, B and
C were self-extinguishing. This agrees with the manufacturers' test of being self-
extinguishing.

The summary of all the physical property test results on paper epoxy are reported in
Table CXX.
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3 TA13LE CII

DIELECTRIC CONSTANT TEST RESULTS OF MANUFACTUREIIS A, B, AND D

I Paper Base Epoxy Lnate__

Material Copper
Specimen Thickness Copper Foil Dielct rte
Number (inch) Clad Weight Manufacturer Constant

(Ounces) (One M,-,cnyclc)

1 3.'32 Sillgle 1 oz. A 4.2
2 3 3. Single 1 oz. A 4.2
3 3/32 Single I oz. A 4.2

4 3 32 Single I oz. A 4.2
5 3'32 Single 1 oz. A 4.2

Arrage Value .1.2

6 1. 8 Single I oz. A 4.3
7:8 Snglh I oz. A 4.2

IA' Single 1 oz. A 4.3
9 1.8 Single 1 Uz. A 4.2
10 1.8 Single 1 oz. A 4.2

__Average Value 4.2

II 3 32 Sint-le I oz. H 4.3
12 3 32 Stitzle I oz. B 4.3
13 3'32 Singh, I oz. B 413
14 3 32 Single 1 oz. B 4.3
15 3 32 Sin:--le I oz. B 4.3

Average Value 4.3

I,. 1 aSaw.1h. 1 oz. B 4.2
17 I Single. 1 oz. B 4.2

I S Single I oz. B 4.1
19 1i S1nlgle I oz. B 4.2

I a Single 1 oz. B 4.2

_Average Value 4.2

3 32 Sin'e I oz. D 4.9
2 3 32 Single I oz. D 4.9

23 332 Single 1 oz. ) 5.0
23 332 Single I oz. D.
25 3/32 Single I oz. D 4.9

Avwra';ge Value, .i.9

27 18 Singl [ I oz. D 4.A
i27 1 ' Single I' 1 os, D 4.7

28 1/8 Single 1 oz. D 4.8
29 i/8 Single I oz. D 4.8S30 1/8 Single I oz. D4.7

Av-rain- Valuc A.2

I
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TABLE CIII j
Dib.siPA HION FAC I'OR TES F RESULTS OF MANI.h"ACTUREIIS A, AND D

.Pa. Bas' c ':p•,xv L nI rir11,te
Material C oppe r

Specimen Thickness Copper Fuil Divl,,ric
Nu1LnWiL, (Iuch Clad Weight Manufacturei Conslant 3

(Oxinces) (One Megacycle)

1 3 32 Single oz. A 0.037
3 32 Single 1 tsz. A 0.037

3 3 32 SiZle 1 ,z. A 0.037

43 32 Single Iz. A 0.038

Average Value 0.038

6 1 8 Single I oz, A 0.040
7 1 8 Single 1 oz. A 0.039
8 1 8 SIL-le 1 oz. A 0.0 8
9 1 8 1Siie1, I oz. A 0.038
10 1 8 Singh 1 oz. j A 0.038

Average Value 0.039

11 3 32 11, 1 o;. B 0.040
12 3 32 Sitlt'It' 1 UZ. B 0.039
13 3.. 2 Singh. i oz. 8 0.039
14 3 32 5IL It*- I oz. B 0.039
153 ik Sin.h 1 OZ. B 0.039

Average Value 0.039

16 1 -8 S110l,' I oz. B 0.038
17 1 8 Sii'.h' 1 5z. B 0.039
18 1 s Single I oz. B 0.039
19 1 h Sngh1' 1 oz. B 0.03920 1 8 Rinh' I uz. 0.039

,Avturawe Value 0.038

2! 3'32 1 Single 1 uz. D J 0.047
22 3/32 Single I oz. D 0.048
23 3. 32 Single I uZ. 1) 0.048
24 1`32 I Siilew I oz.1 U.04725 3 a2 l single 1 0 7. D 0.047

Average Value 0.048

26 .8 1 su~l' J, 1 OZ. fD 0.047
27 1 8 SingIle I , Z. D 0.047
28 1 8 Sin leh I oz. D 0.048
29 I Single I oz. D 0.048
30 18 Single 1 oz. D 0.048

Average Value 0.047



TABLE CIV

FLEXURE TEST IIESULT-, OF MANUFACTURER A (1/32 INCH THICKNESS)

Paprr B:asie i'.1)nxy Lmninate

I Lengthwise Values

Specimen Copper Copper Cmiposite Breaking Load Maximum Maiximl|unm Fiber
Number Foil Clad Material (Wounds) Drflectioni Stre~s-S

O iThickness (Inch1,) (P.S.I.)

1 One Side Inz. 1/32 32 .070 30.720
2 One Side I on. 1/32 32 .075 30.720
3 One Side 1 oz. 1/32 32 .075 30.720
4 One Side I oz. I/132 32 .070 30.720
5 One Side 1 oz. 1/32 33 .070 31.680
6 One Side I oz. 1/32 33 .070 31 680
6 One Side I oz. 1/32 33 .070 31.680
8 One Side I oz. 1./32 33 .080 31..680

Average Value 31,200

Crosswise Value.

9 One Side I n7. 1,32 26 .070 24,060
10 One Side I oz. 1/32 32 .070 30,720
11 One Side I oz. 1/32 2b .070 26,r,80
12 One Side I oz. 1/32 21 .075 25,020
13 One Side 1 oz. 1,32 28 .07b 2f(,880
14 One Side 1 oz. 1,32 27 .070 25,920
15 One Side I oz. 1/32 33 .080 31,680
16 One Side I oz. 1/32 27 .075 25,0-0

Average Value 27,360

TABLE CV

FLEXURE TEST RESULTS OF MANUFACTrUItIE.I! A (1 '16 INCH THICKNESS)

Paper Base Epoxy Lanminte

Lengthwise Value.

One Side I oz. 1/16 58 - 22.2-12
2 One Side 1 nz, 1/16 58R 22,272
3 One Side 1 oz. 1/16 5G.5 - 21,696
4 One Side I oz. 1/1G 5G - 2!,504
5 One Side I oz. 1/16 50 - 21,504
6 One Side I oz. 1/16 56.5 - 21 ,GG
7 One Side 1 oz. 1/16 55 - 21,120
8 One Side 1 oz. 1/16 55 - 21,120

Average Value 21.640

Crosswise Values_

9 One Side I oz. 1/16 45 17,280
10 One Side I oz. 1/16 45.5 17,472
11 One Side I OZ. 1/16 48 ,18,432
12 One side 1 oz. 1/16 49.5 19,008
13 One .sido 1 oz. 1/16 49 8 I G
14 One Side 1 oz. 1/16 47 .140 18.04815 Ogle Side I oz. 1/16 45 .140 '17,260i

S16 One Side I oz. 1/16 48 .140 18,432

Average Value 18,090

255



TABLE CVI I
FL.EXURE TEST ESIII.'S OF MANUFAC'rUIIEI A (3,:32 INCH THICKNESS)

Paper Base Epoxy Laminate I
_ __1,_gthwise Valhis

spvc(-nilt-u Copper Copper Composite BTreukingr Load Maximum Miximuin Fiber I
Numher Fn1l Clad Min:rtirial ( Pounlds) 1)lbfe'vtion Sh'vst-s

Thickne." (hmu'h) (W.S.I.)

In, ,1-t.Side I oz. 3/32 92 .180 23.500

2 One Sid(. I oz. 3/32 94 .180 25,100
3 One Sidl. I nz. 3. 312 95 .180 25.300
.1 One1 Side I oz. [ .332 96 .185 25,600 !
.5 ,1. Sideh I oz. 3i32 94 .180 25.100

G Oi,- Su1h. I av.. 3,32 n0 . 180 2'1O,00
7 On,. Sideh nz. 3/32 93 .180 24.890

8 One1 Side 1 ,.. 3'32 93 •180 24,800

Averagze Value 24.700

Crosswise Values

9 tCh' Side 1o. 3/32 73 .10 H 19,450
10 One Side 1 "1. 3/32 75 ,Io 19,.)0
II One Side 1 oz. 3/32 81 .185 21,550
12 One' Side 1 m.. 3/32 76 .170 20,200

13 Oi% Side I nz. 1/32 82 .180 21,800
14 One Side I oz. 3/32 76 .170 20,200
15 One Side I oz. 3/32 80 .180 21,300
16 Oni" SideI. I oz. 31,32 _ _ .liiO 20.200

Averave V;mlie 20,586

TABLE CVII

FI.EXURE TEST RESULTS OF MANTIFACTUREIC A (1/d INCH THICKNESS)

Pa1wr Base Epoxy Lanimati,

Lengihiwase Values

1 One Sickl I oz. 1/8 122 .260 23,424
2 One Side I oz. 1/8 1 1f) .245 22,848
3 One Side. I oz. 1/8 120 .240 23,040
4 One bide, I op. I / Ih 19 .2."50 22.38-;
S O1,c Sidke 1 oz. 1/8 119 .250 22,148

6 One Sidi" I oz. I"8 114 .250 21 ,88h
7 O'lv Side 1 oz. ;,"` 119 .260) 22,848

8 On1v Stdh I IoZ. 1/8 118 .25.) 22,G56,

Avvratg Value 22.800

Crosswise Value.s

9 One Side I oz. 1/8 107 •300 20,54.
10 One Side I oz. I/8 105 .260 20,16O
1 1One Side I oz. 1/8 107 .230OI
12 One sidh. I oz. 1/8 108 .250 20,736
13Oe S 1.i nz, ]/A 104 .250 20,6928
14 On-e Side 1 oz. 1/8 107 .250 20,544

15 One Side 1 oz. 1/- 107 .260 N0,5.14
1G One Side I oz. 11'8 103 .250 19776

Avwragv Value 20.472
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I
TABLE CVIII

FLEXURE TEST RESULTS OF MANUFACTURER A (1/4 INCH THICKNESS)

Paper Base Epoxy Laminate

Lengthwise Values

Specimen Copper Cnpper Composite Breaking Load Maximum htiximuni Fiber
Number Foil rlad Material (Pounds) Defleetion strev s.s

Thickness (h1ch) (P.,;.)

I One Side I oz. 1/4 112 I .310 21.504
2 One Side I oz, 1/4 108 .340 20.73r,
3 One Side I nz, .115 .30 22.0m)
4 One Side I oz. 1/4 110 .370 22,272
5 One Side I oa. 1/4 107 .n30 20,544
i6 One Side 1 o0. 1/4 125 .400 24.000
7 One Side I oz. 1/4 108 .340 20,73r,
8 One Side I oz. 1/4 122 .385 23,424

_________ ....__ Average Value 21,012

0 One Side I oz. 1/4 83 .300 15,936
10 One Side 1 oz. 1/4 98 .365 18,816
11 One Side I oz. 1/4 98 .370 18,81G
12 One Side I oz. 1/4 87 .310 16,704
13 One Side 1 oz. 1/4 88 .325 16,806
14 One Side I oz. 1/4 98 .375 18,816
15 O;,e Side I oz. 1/4 88 .360 16,806
16 One Side I oz. 1/4 90 .310 17,280

Average Value 17,520

TABLE CIX

FLEXURE TEST RESULTS OF MANUFACTURER B (1/32 1. I THICKNESS)

l';ptlxr Base Epoxy Laminate

l.ollgtliwixv Values

I O01e Stdte I oz. 1/32 3'1 .070 32,6410
2 One Side I Oz. 1/32 34 .070 32.640
3 One side 1 oz. 1/32 30 .065 28,800
4 One Side 1 oz. 1/32 27 .030 25.920
5 One Side 1 oz. 1/32 28 .065 27,880
6 One Side I oz.. 1,,'32 29 .075 27,840
7 Onle Side I oz. 1/32 29 .070 27,840
a One Sdele 1 oz. 1/32 29 .070 27,840

- Average Value 28,800

Crosswise Values

9 One1P S-d I oz. 1/32 23 .060 22,080
lu One Side I oz. 1/32 25 .060 24,000
11 One Sde I v,.. 1/32 25 .060 24,000
12 One Side 1 oz. 1/32 23 .050 22,080
13 One Side I oz. 1/32 23 .050 22,080
14 Oe Sice I oz. U/32 24 .060 23,0.10
15 One Side. 1 o . 1/32 26 .060 24,960
16 One Side 1 oz. 1/32 28 .060 26,880

Average Value 23,640
!



TABLE CX I
FLEXURE TEST RESULTS OF MANUFACTURERI B (1- 16 1NCH THICKNESS)

Papur Base Epoxy Lanimate I
Lengthwise Values I

Specimen Copler Copper ConpsY.)site Breaking Load Maximurn M;i XImnI Fil"vr
Number Foil Clnrt Material (Pounds) Dt.flertion Strs.-S

Thickness ... I.) (p.S.l.)

I Otte Side I oz. 1/16i 5r 9li 21.12o,
2 Otte Stde I nz, 11/16 51 .150 l9.5fh-13 One Side 1 oz. 1/16 53 .150 20.352

4 Otte Side I oz. 1I/16 51 .145 19,5iH4 -

5 One bid~e I oz. 1/1( -19 .140 18.816

6 One Side I PZ. 1/16 51 .140 20,736
"7 One Side 1 oz. 1,16 52 .140 19.9r68
S One Side I oz. 1/16 52 .145 1.!..q6

Averaze Value 20.01G

Crosswise Values

9 One Side I oz. 1/16 42 .130 1G,128
10 One Side I oz. I1 I 48 .140 18.432
11 One Side I oz. 1116 45 .140 17.2R0
11 Onc Side I nz. 1,6 44.5 .131 17.088
13 One Side I oz, 1/16 47.5 .135 18,240
14 One S.de I oz. 1 16 4 r, .130 17,280
15 O,6. Side I C.. 1 "10 4j .110 17.280
16 One Side I oz. I,1 . 45 .100 17.280

Averagce Value 17.376

TABLE CM

FLEXURE TEST RESULTS OF MANUFACTURER B (3,32 INCH TlIICi"ESS)

P•lwr Base Epoxy L.ainiatr ,.,

I.ngthlwi se Values

I One' Side I oz. 3 12 8f .200 22.600
2 One Sid,, I oz. 3 32 H3 .200 22.1003
3 One Side I nZ. 3 32 83 ,195"r 2:"..1no
4 (Cit Side I nz. : 3 2 ll7 .2oo 2:3.200
5 One. Sile I ,t., 3 32 i .200 22.1"00
6 Ote Side I n,.. 3,32 flr, ., .18 22.,00
7 One Side I oz. 3 32 83 .190 22.100
8 One Side I oz. 3!32 87 .200 23.200

Avvra,',r V:li' 22,600

Crosswise Values

9 One Side I oz. 3/32 67 .180 17.650
10 One Side I oz. 3/32 7i .180 18.900
II Onc Side I oz. 3/22 70 .170 18,690
12 One Side I oz. 3/32 G9 .170 18,400
13 noe Side 1 oz. 3/32 69 .170 18,400
14 One Side 1 oz. 3/32 I.160 i',•u
15 One Side I oz. 3/32 65 .150 17,300
16 One Side I oz. 3/32 _- .160 17,600

Avcraze Value I R,092



TABLE CXII

FLEXURE TEST RESULTS OF MANUFACTURERB B1/8 INCH TIIICKNESS)

I PiPa.r Base EpIoxy Lanuinat__

Lengthwise Values

SSpecimen Cpper Cnpeir Composite Breakingl Lnad 'Maxinium Mixiimuni Filx-r

Number Fnl Clad Material (Pounds) )v'lpertinn Ntrf-s.-SI __T i,"kness (Inrh) (II.S.I.)

IOe 0 id, I oz. 1/8 109 .240 20.9:'H
SOne Strip I oz. 18 109 .240 2 .,li~
3 O,1e Sid" I o... !'8 107 .240 20,1-11

4 One S ide I oz. 1 8 115 .260 22.0M

5 One SOL I oz. 1/8 110 .230 21,120
6 : One Side I In. I. u 107 1 Z0 20.5.11

I01Pne SI, onz. 1, 116 .240 21 2'.04
8 Ow. Side. I oz. i 8 112 .240 21.,-1'.

Averace Value 21 .240

Crosswise Values

9 Oe, Side I nz. 1-8 92 .2-50 17,66-4
10 Oil' Side I nZ. 1.8 90 .240 17.2m0
11 One Side I oz. I;6 84 .240 1r,.128
12 Onte Side I nz. 1, 8 92 .240 17.664
13 One bide I nz. 1 8 .1 .240 1".472
14 O01r Side I oz. 1 8 92 .220 1 7,61:4
1.% "': . 1 1,17. 1 8 90 .220 17.2H0
16 One Side I OZ. 8 1 90 .220 117.280

1 Aver.-e Value 17. ,,o

TABLE CIGII

I FLEXURE TEST RESULTS OF MANUFACTURER B U(4 INCH TIHICKNESS)

P____,r Bap ,se ElinxyLamiate

I Lengthwise Values

1 I1O1, S,, I nq.. LA 114 .3"0 21 4h
2 Oi," Sid1. Iu1.. 1.4 108 1.470 20.7:W,
3 t- Si•e• I nz. 1'4 19 .400 22.H Im
4 ()i' 2;lrh' I nA. 14 115 .. q 0 22.it1

n5 ()In,' . 1,' 1 ll.. 1 4 105 .31-'F 2nl, I c
A (hi,."S rl. I o,.. 1 4 112 .:fin 21 .L7,n-

7 ()w S.th' I ,,. 1 4 111 .370 21.312
P OI, h~l' ,z.'II 0 .3 C, 2 1.1 ?n)

Averaige Value 21.4'r

Crosswise Values

9One Si:dr T z 1/'4 I 81.) 1 345 1.l~
10 One S•de I oz. 1/4 04 .3G.5 1H.0.iH
I1 IO01cSide Ii oz. 14 A 84 .310 I r,,l1 1,

i12 0O,.'fSide I oz.l 1/4 89 .37,0 17,01'8
13 One Side I oz. 1/4 89 .340 17,01M

14 One Sie I oz. 1/4 94 .350 1A.048

15 OneSide I oz. 1/4 .2 350
16 One Side I oz. 1/4 94 .350 18.048

Averai~e Value 17.400

i
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TABLAE CXWV

FLdEXUR E TEST REiSULTS OF MANUFACTURE I) (1/32 INCII TIIICI'.Nl.5)

iLengthwiser V hiikepi

Sl)'f'~l('l C•ppr Cnoi~lwr CAiliIlO i, Drealkinlr lt'Loadir Ntl,|; mI~illin ,t..-,iiil ''i•

Numbehr* F IV -iI Clad;;MterI- (Priuiulls) |l).f l,,run Str.'0'--.
'rhlmvlll. (hlm-h) I '|,,'..

1 0111, Stie ni.. 1,.32 19 .070 :SI,,lO
2 On.e. Nihk lIb,. l"32 1t .n7nr 2H ,n nn'
3 O0ii1" Side Io. ,/32 1.%i;0 27.00
'4 One Nl Iub ,,iz..•it .060 2 it. rb in
fA OnV Slidi. I,#.. !/J2 I ',;,0 2".~l~llt
SOn.' Sidti I .'. L'32 I .0!7 1.01 ,¶

011O1. Sid.' 1 0.- 1- 12 10.060 ~ 'l
7 One" Sigh- I I/,'2 I cr .Orr 2710¢1{
B O.'r Ni.h I. n,*. 1,r 32 Ito .070 2a.,.nn

Avlr~~ V'atur 27t,4t31

Crosawise V.lue,c

01 On1P Side I Oz. 1 y3l2 15 .070 22,ne0
1,0 Onr Siid" I ,t. 1i32 15 .Or.'.'. 22.;OOL
I I o ne•itx. I t. 1.'32 It) .0or' 2 f..%no
1 2 0111 S1'i1dle I rz. 1 32 17 .Ofloll 1,%%.finn
133 O e Se , n/.,. 1 32 18 .011ioQ 2?.('flto
14 O11' Stile hiv. l1 32 .17 .000 2•..'0o
315 One 1 Side 1o.. l.32 17 .o0l 2%.500
16 OiP Side I oz. 1/32 I 1 .060 22.!500

Average Vliue 24 031

TABDL CXV

I.'I.•:xtiti. TI.ST HF:SULTS OF1-' MANUFACTUIFI'• 1) (Qi 16 IKCII TIIICKNFRS.)

Ptj.'' l•s14vl Eli .aH V Il'lll 1.;,-~imll.iIC

eIglr~thwIe Vaclues

l O a I oz. Ib i' i r) •!2 ..110
2Onie Side' 1 (r,. L.,Icr, 5F2 1 -m 9,96I (t'l" SIdel I n. I il fl, 5 1 .110 1

4 (li Sill I O.. I/I, 5 .I.,52 .135 1
S')l SiIlh I oz.. I, if ,52 .14:, ,r ,,u. ,
G 01%v Sidi, I ri . '., 1 C. 51 .140 n. ,i 1
7 0 i11. S1,II' I rz. 5, ,I .,j .I "10 3).774

0 1 ( i di'l I Iv. I ." I IS, 52 0-0,161,
Ave'raili V;%ittle I ,, '|

CromiwLisc Values

One Side I oz. 1!I4; 44 . 1;15 IG. Mri,_
10 "i't Side I n.. j 11I6 42.5 1 .130 16.320

33 O11" Sici.' I oz. 1/16 44.5 .138i 17,1iia
12 Oin' Sidlie. I /1i/ . 42 .1:30 IG.12i13 On~e Sdei I al. 1/i16 44 J140 I rBqfI, i

14 011c Side I c,,'.. 1/,i6 44 .1,30 1 G.ffir,
1,5 On Siid- 11, 1 y., 1/16} 43 .13,5 1 G.1'12
1G '011c , 1 Snz. 1/16 43 .138 5 G.51 2

V21ue I(g Value

1'60



ll TABLE CXVI

FLEXUIE TEST H ESULTS OF MA N UFA CU-Ui 1) (3/32 J1 N ElII E •S,,

Pnlvr Rasqe -Fl-nxy v-1;amnlile

Lengthwise Values

ISpecien Copper Cnpper Contipnsite Breakimg Load M.'ximuni Maximum Filxer
Ntlvr Foil Clad Material (Pou11ds) Dc'flcetion Stres..s-S[ "___________lhir kness (slh.

I OQe Side oz. 3/32 72 ,1R0 22.500
2 Onie Side I oz. 3/32 75 .180 23.450
3 Oiie Side 1 oz. 3/32 74 .185 23.100
4 One Side I oz. 3/32 72 .180 22,500
5 One Side I nz. 3/32 74 .180 23,100
6 One Side I oz. 3/32 74 .170 23.100
7 One Side I oz. 3"32 74 .170 23,100
8 Ote Side 1 oz. 3/32 73 .170 22,800

Averagc VaIlte 22,056

Crosswise Values

9 Ole Side I ()1,. 3/32 63 .170 1 ..700
10 One Sile 1 oZ, 3/32 61 .I0 1 0,050
11 One Silde I oz. 3/32 63 .165 19.700
12 One Side I oz. 3/32 63 .. 170 -.9,700
13 One Side 1 o,.. 3/332 62 .160 19,375
14 One Sil,' 1 nz. 3/32 64 .170 20,000
I r, Owi Stile oz. 3/32 62 .165 19,375
16 Otie Side I oz. 3,32 62 .160 1i,375

Average Value 10,b.30

TABLE CXVII

FLEXURE TESTr HtKSII.TS OF MANUFACTUURER D (1/8 INCH THICKNESS)

Patpr Base Epoxy Lamninate

Lengthwise Valuch

I Otte Side I n;. I/8 101 .240 19,392
2 Ote Side I oz. 1/8 06 .220 18.432
3 One Side I oiz. 1/8 94 .220 18,048
4 One Side I or. 1/8 101 .230 19,392
5 Otte Side 1 oz. 1/8 101 .230 19,392
6 One Side 1 oz. 1/8 98 .220 18.816
7 One Side I Oz. 1/8 100 .280 1.,200
8 Onte Sd•c I ox. 1,'8 (9 .240 19,008

Average Value 18.960

Crosswise Values

9 Ote Side 1 oz. 1/8 78 j .180 14,976
10 Ote SO-i, 1 oz. 1i8 76 .220 14.592
11 Otte Side I oz. 1/8 77 .250C 14.7814
12 Oinc 811d_" I nZ. 1/8 78 ,F1cI 14,976
13 One Sidle 1 oz. 1/8 74 .200 1.1.208
14 Otte Side I oz. I/18 8 .210. 15.572
15 Otte Side I oz. 1/6 78 ,200 14.976
16 On Side 1 oz. 1/8 Z3 .vU 1i,'36

Average Value 15,001
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TAbLE CXVIII

FLEXURE TE.ST RESULTS OF MANUFACTUIRE[R D (1.:4 "CH THICKNESS)

Paper Base Epoxy Laminatue

Lengthwise Values

Specimen Copper Copper Composite l3reakilng Lodit "Mbxiinumu Maximuni Fiber
Number Foil Clad Material (Poiunds) Ihcfhuc-ti,o ,'-'-t -S

Thickncss (lni) (P.S.!.)

I One Side i oz. I4 ii .3GO 22.080
2 One Side I oz. 1,4 1!9 .360 22.849

3 One Side I oz. I,4 111 .340 21,312
4 One Side I oz. 114 114 .360 21,888
5 One Side 1 oz. 1 4 120 .3PO 23,040
0 One Side I oz. 1/407 .340 2D,544
7 One Side I oz. I!4 .22 .380 23,421
8 One Side 17.. 1.4 !05 .310 20,160

Av,;~'r£ Vaue 21 .21.N2

Crnssvisc- Values

9 One Side 1 oz. 1 41 92 .34U 17,664
10 One Side 1 oz. 1 4 11: .360 19,008
11 One Side I oz. 1A4 ', .S40 17,472
12 On- Side 1 oz. 1.4 82 .295 15,744
13 One Side 1 oz. !/4 U8 .365 18,816
14 One Side 1 oz. 1/4 D.Dv 19,008
15 One Side I oz. 1A4 99 .375 10,008
I1 One Side I oz. [/4 Q4 .345 18,048

A2er2ge Value 18,096
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TABLE CXIX

FLAMMABILITY TEST RESULTS OF MANUFACTUL'-11S A, b, AND C

Paper Base Epoxy Laminate

Manufacture Composite Copper Foil Sell Extinguishig
(Cupper Clad Material W.iht or

Both Sides) Thickness (Ounces) Burn Rate 'rhi-,
-- (Inches) _

A 1/16 1 oz. 16 Specimcn, Run - All Self-Ext.

A 3/32 2 oz. 16 Specimens Run - Al Sell-Ext.

13 1i6 1 oz. 16 Specimens Run - All Sell -Ext.

B 3/32 2 oz. 16 Specimens Run - All beli..Ext.

C 1/16 1 oz. 16 Specimens Run - All Sll-Ext.

C 3/32 2 Uz. 16 Specimens Run - All St i-Ext.
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TA13LF CXX

SUNIMAIRY OFr *ri 1'flYSICAI. mmo'iuta 1,i:s~r litrstit~s or
11APIP( RASE * PAOXV, LAM INATE

C o ndit _________ 
T A B ~L E: i. U L TP roperty valu ps'

(see labie lX) (see 4.5. 1.4 to IA' /1Icmh V132 i.h 1 I, 8 knelt 1 A minch
4. 5.13.4.3. incl) V~ii tik, I hick I thick hick

C11p1i1'r-. (il resis~tivity. ail 0"C. aorrr- A
aw maimumi. nli ms (g.ram~/ameter 0. 1-1211

Solder Clip:
Uunirlitrti sipt~iitiut1...............A ',.'0 1131l-IS1tl4N NOR DrL IAM INATION
Elched speciaens .................... A .1 rN('1 IN'rFiLAMINAI IILis~r~nING

inch width :l .2
oz07 colppcr:

Arlpr solder dip........ A 10.1 9.9 9.5 6.3 10. 4
Aftrr tcnie~mpelure cyclinig......(.3) 1u.2 z 0.0 9.,7 10.3 10.9
After elevatled temipera~ture ......... E-1/140 10, 1 10.4 16. 1 q. 41 10. I

2-oz, rnpp'ýr:
After so1lder dip .................... A 13.0 14.7 14,.3 12.5 12.9
After tornpmr~ure eyeling .......... (3) 1,4. 7 14.3 14.2 12. 1 3.61
Artia eievailec tcniperature ......... 1-%1/ 140 14.7 14.5 ~,14. 1 13.3 13.4

Vi~uni rclatvlt, mnimm, eg- C-96/35190 ... 13. 11ix 10' 5.16lO 32~3

Surf.~cc rcsistmice. milumium. wegolims C-06/35/90 Ill 4m 11. I05 1: . 0x 10~ 2 3.4 x 10.

Water' absmnrpition, ;tveragje, maimTuum, E-1/1iO5,due3 U. 457 0. 290 01.320
pereent. , D- 24/23

Dielectric bre~akdown (ptra~lc1l to Unait1-
fulio 1ns) a verag~e, m11inimum, hki Involts:I

Stcj-phy-810t, lest..........D-48/50 ID 41.7 50.3 5b~. 0 54ý.7 ~ 4.

MuDiciccIrc cossul;Inl.averagc miaximiumi, i)-4it50, D 1. 4. 47 4. 40

2,
D-24/213....... ..

DksuimIaolnm b-lo 4 Ofr~e ilxnu, I-350. 1) ... -. 0.1042 0.0141
41t 2 megacycle.~

Lcin~Ihwisc ....................... A 29,3100 20, S100 23.4100 21.000 21.750
rI.Iwa~c .1.........................A 25.3W) 17.3'tO 10. 3150 17.550 17.000

Flexural, 3 53rtngth -it e0',;ilec Wmnper~i-
lure. aivera~ge, nuiiaauuu . per~cent.1gt
of cuildaLitin- A va&3itu Obtajined oil lest:

Lentgthiwise .................... I-,- 1 1 fýu .,..
Arc rrsc.~Ani~ice. aiverage, miniaum. D-4H/150* D . . . ...

F212i111hialilcy. ;iv c~iera. maxmu&n,u. A ~2 .

; tN V h ok i er m h i 1 ( i t c s.u - t h a l l i n w e v i e n u p tlr ' r u m o vL. t r j i t hi , . " m i d i p o u r- I th e w e l o i t 1 i t , h % l l d

3Of Ccyhn g. i x ~jfjuilIInti lr.iIlt'Midtr lu.Ih ca.o iIt ~ In

Coll di I ion-iri.'sha, 11 Cumibist W five cycles beforc le st . Vt irp~u.t'- I- 'me Y'le. provedtlttr sit;' I wi: E-2 300.1 25
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DESIGN 9 SPECIAL EQUPeMENT Pon ~ ZI i
IWYSICAL r~TE•77ti -

AALYSS OF DATA

flCRMNTOf VA4 TFR4I __________

TASK C--_
PROCUREMENT OF MAlTERIALIm
Sj'f C IMEN FAB6RIC-A -7T70N
acs~vi a SPnCIAL E2oJ/PMENT

A zATOM 0 r VA TA

0RPOCUREMENT OF AlATt-tetALON"
SPECIMEN FABRICATION

DES iVIGN. 8 .r nFEC4L IA V

LIMRATURk SRWY t

ULYSCA TY11N StNA OCT. P4V D JAPt 1 FLBI MARI APR A

-COWPLE TED WORK ii Al %0. t"TC 3~u 3 1C I23 31~ Ž 31[ Z rlli- WO RK TO SE DONE T/AfE (MON/HS)_ ___

N- -* '7 Proi-c!- P. rf',~ s, !Jl..ii ciia
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APPENDIX A -- A NON..DESTIRUCTIVE TEST TO EVALUATE TILE EFFECT OF NICKS,

PIN HOLES AND SCRATCHES ON PRINTZD WIlRING CCN.-DUCTCRS.

Scoe - This test est':abhshes criteria and a techniqUe for evaluating the effect of nicks, pin holes
and scratches on printed w:ring conductors so that allowable cross-section reduction may be es-
tablished on aly given printed wiving board. This test may be used either to evaluatt a spec ilit
line reduction condiction with a given current, or to establish damensional criteria so the myaxi-
mum allowable reduction o) a specific system may be established with subsequent inspection by
physical measurement to ensure compliance with standards established by this test.

E quipinet Needed' far Tes.ting - The filowing equipment was -used to establish the test procedure.

tzquivaLent items may be subb•tiuted as necc:sary.

1. A Weston Mndel 931 D.C. Ampere Meter (scale division of 1/2 ampere)

2. 20 amp, .tiunt

3. 8 phm, 50 watt Itheostat

4. Two (125 V, 26 amp.) K•nie bwtrines

5. One 6 volt Battery (130 ampere hours)

6. Fenwal Temi;crature Meter (Model 58301-5)

7. Thernmstor Bead (Fenwal No. GB34P92)

8. IW #8 Solid Copper Wire

9. Universal Tinier (Model 167)

10. Jagaba Pile ~leo•stat (Model #10 - .018 to 1.8 ohms rcsistance)

it. Thermistor Dead Holding Device (see Figure No. 7T

'2. Two Electrode Terminal Posts (see Figure No. 9 in Task A ul1 the report)

13. One 6 volt Battery Booster

14. Test board Chamiber - tin,.- ULh;Iilicr llt. 11v v'nistructed as in Figures No. 4 and C in
Task A of the report)

The basic and pictor. ial electrical circuit ho•k-up 1.3 rnnstrurtsed as illustrated in the lollowing
pages: V- /,9

Positroning of Test 11anrd - Placo the circuit board in a., enclosed test area that will prevent :x11v
air currents from affecting tempcr:.ture rise :rneasurenirnts. When the circuit board has been
pusitioned in the test enclosure, a bead thermistor is positioned directly over the copper conductor
and held firmly so that the bead makes firm phmý.tcal contact with that portion of the copper con-
ductor that is to be tested.

The two electrodes (see Figure No. 6 in Task A of the report) are placed on opposite sides of the
thermistor beads (make sujre that the distance between elcctrodes docs not exceed 1.50 inches).
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Electrit.-a Test Prnrpeimn., - Pý,or~e current is allowed to flcw in tile coniductor, the tinea1.perature
III I.z~,-.v f.l1,C utip uit, atoeasure the anibient temiperatuare in the conducior test a rea. This is rp-
VOr-dsd Aftlr -.n1 elap1S-I'd ti me of 3 or 4 minutes. The knife switches in the c~ircuit are . losed,
alit)kvin:_ ("krnt ito jiow throughi thil copper conductor. Temperature rise readin-s arc- taken at I

mm i 1 t'r~s *The current flow is vonltrolled by the carbon pile rheostat. For amnperno. Vallues
r.:,cedin 5 amps, the A ohm rhc ostatt is renuo--d from the, circuit, (see Figure No, Gl in Ta';k A
lot the rilt) stabilize beforie taking the temperature roading'. Temperature rise measurements
are taken iLir each a nipere inc re ment up to a tem:perature rise of 4010 C above ambient. The. 1I~
oeiature should ko allowed to stablilize for approximiatelv five minutes: after each chiangec in current
hetore readllh*

Acceptance Conditions foi- Passing or Failinpg the Tlse Circuit Board - The prininpal. factor whicl;
will determline vwhethc'r or nnt thle degree of line redu<htion is acceptable is the amiount of current

e~qtiir.- -oi ispý the comnCuctor temiperature to 410 0 1C above~ :nimbient. If this current value is In II-
cess of that which will flov.: in the conductor during normal use (with an allowance for- surge
currents). than thet degree of Inie reduction canl be considered acceptable and my he used to estab-
lish physical limits which may ble nue'aure on su~bsequent boards in the same System.

It must Ull noted,, h1oweVer, thZat if any oif the following condhitions develop during te~sting thenl the
part sihOuld hill considered as failing, regardlel of the amount of current which passed through:

1. Disvoloratiuiu of copPer, at pcmint of maximumi reduction.

2. Discoloration of base laminate around test area.

3. Litting air wrinki inpg of the condctutor fronm tho base la inmate.

It shijuld N. pi 'mt id mit that thle evahiat i.1in of thle Ifc of inucks, pin holes and sc ratchles on printed
%1ii'1i1 C(]IIIdI torS is effectcd by many variables. A review of the data collected in Task A niakes
it aj:j)Eai that there i., conisiderably more leway than had been previously considered. There are.
iw wevcsm themlic qualifting fictors whvi nch ust 'be taken into consideration!. In the first tilare, c-on-
ciuc~tor lxi11C Width I dkititmon it) eXteSs of 301 t,, 25"i, aie coutside the bounds (if good manufacturing
pi' .me tian;d should noct no rnmiall hie ac iieptalble.

Aimitlwr Ifo-tuim. and ono whichl Was unfortunlately outside tile sicope oi this study. Is thle p' issmhihOiil
if ' ~ U midcegra~dation. or- gradu.al deterioration on thie bond betwecen the reduced C onduci'tor and

the bast, matin .inI 'iver extended pieriods of timer nt t enper. hitii ms m it-what less tha 401-IC abocvc
anliblent.

To a ssur i- r ' .h11 i1 it and in numm iz thel possibli: effects of lonig U nlit. a1pl licat im 'If '.1-' Med li enpr r -
.mtures which crnuld v;iuNU ulti mate degrad-t io of time boll 'to failurv, the follo-wingz speefc itiwnltm(Is

1.For any given I inch cu *.ti 4;oncluttrt, indivivmdual nicks or ]lint hole-S or combi .Ili un III
mmmc'_s -id pin holes which expse the base lanmnate. -,, any scratch shall not redchi- thin
c'riss-section area of Vie conductor by more than, 30':..,

2. For any given I inch length of conductor no combination aif nicks or pinl hoiles which, exjm~st
the inase laminate, or any scratch shall be acceptable when the cross-section arem at the

p-1 Of n1iaxi nm rodur cmt ion shows a te mimpiraýUtur( i it Crei~ts in excess of 40oC we
-rrrnr0.ma.-i. wit," thle procedure outlined' in AppendixlL A.
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APPENDIX B - GENERAL PIROCEDURE FOIR PREPARING TEST SPECIMENS

Visual 1nnPretion - Thi sheet nmteriial of conne--clad plastic 1arniate, in Rs-r•ceived ecmdition,
was inspected for superficial defects such as scratches, p Asibstelrs dents and other defects
winch might be observed by visual inspection. If any of the aboxjve defects occurred exceeding re-
quirements per MIL-P-13M49B, the sheet material was rejected and sent back to the manufacturer
for replacement.

Machining - The required number of specimens were cut by a saw from the entire sheet for each
test. The specimens for Task A were cut to a size 4.50" x 2.75" x thickness of material.

Cleaning - Those specimens that reqwred a spe(ifir' pattern. alter having been machined, were
thorou.ihlv scrubbed, using a grad, FFF pumice and a wad of moistened cotton. This was done to
minimize sciratches whein scrubbing lengthwise and crosswise. The specimens were then rinsed
with warm water (approximately 900 F) until the specimen would hold an unbroken film of water.
The specimen was then dried with filtered air. After drying, the specimens were Lareftilly handled
from the edges and placed ii. a suitable tcleAr rack for the next process operation, Lint-free gloves
were used at all times for handling.

Sensitizing - All specimens requiring a specific pattern were sprayed with a Kodak r'% h; f"iz..
solution, using a Binks No. 20 production sipray gun. Th,. time of spraying was spproximately two
seconds. The specimens were then removed and put aside to dry. It was necessary that the sensi-
tized surfaces be undisturbed while drying in ain infra-red oven :%' 1500 F for a minimum of one-
half hour.

Printing - After the senisitizing srlutwoi, h:id inmiroughlv dried, the specimen. along with a negative
of the pattern required. was placed in :i vacuum frame with the coated side up and the required
negative emulsion down to ensure enilsnua to emulsion contact. The specimen was exposed to an
ultra-viulet light for 2-1 2 minutes under a vacuum pressure of 28 inches.

Developin - The specimen was then re.moved from the vacuum frame and placed in the developer
(triciloroethylene) for two minutes. After this it wws removi-d and allowed to cool before dipping
for approximately one second. It was then removed from the dye and immediately washed in a
spray of warm water (800 to 100lF) until only the required pattern renmained on the copper foil
(approximately one minute). Following this. the excess water w.,n removed with a warm blast cf
air and the specini.n was set aside to dry for apprnximately one hour.

E£chiang - The sperinuans after bring thoroumilnly dried were placed In an oscillating head spray
itching miachinv (420 Baumt. Ferric Chloride) for three !c six minutes until all of the excess
copper wa, raemm,,vt.d. T them.rptritirt'. uf the etchit 'g solutiun was maintained at around 75 to 100°F.

Cleanmin amid Drying - The specrimnw. wurt. then removed from the etching tank and immediately
washed mn cold r.nning water for 1 3 minutes numinium. They were Theln washed iii a 10 percent
omalJc acid s•lu?inn foMinwer I.by a 5 n•tn"tc rinse in coid running water, after which they were
thoroughly rinsed with distilled water. The excess water was removed with clean absorbent cotton
and a warm air blast. All specimens %%ere then placed in an oven at 80t )C : 30 C for one hour mini-
mum and then allowed to cool. The specimens were bagged from this point oil to provent contani-
nation.
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j APPENDIXC -INSULATION RE3isTANCE TEsT

Scope - The purpose of this test is to set tile requirements that will give reproducible and con-

sistent insuilaj-on tesi i-vsuit.

' Equipment Required - The following types of equipment were used to establish the data for this
test, Equivalent substitutes may be Mlade as npcessary.

1. A Humidity Test Chamber that will control the humidity and temperature within the
jlimits as specified in MIL-STD-202. (See Figures 35, 36 and 37 in Task B of the rwlport).

2. Test specinten holders and electrode connectors similar to those shown in Figures 38

and 40 in Task B of the report.

3. Teflon insulated coasial cable (Type RG-142V).

4. Keithley Model 610A Electrometer (used to measure current).

5. A 500 volt DU vower auppiy - .. . rnr zni

6, A Hewlett-Packard Model 412A Vacuum Tube Voltmeter.

7. Appropriate test leads for Wiring of electrical circuit.

Note: An accurate megohnimeter capable of mea-uring resistance tip to 1014 ohms
%vW'ih an accuracy of .6 W, and also capable of providing a sustained voltage of 50OV D.C.

may be substituted for items 4, 5 and 6.

Specinnen Preparatic~n - For most accurate results, testing should be started as soon after speci-
men manulacture as possible.

ihe specimens are tabricated as stated in Appendix B to simplify production. The following chvan-

ing operation 1. recvoninended:

1. Scriuh with pumice or Ajax and Tampico brush.

2. Rluztse 1 - 2 minutut in spray water rinse.

3. Pmils, 4 - 6 mimite-• in runnilnlg water rinse.

4. lmcrner;e in versene solution, (I oz. per gallon) for 2-4 minutes.

5. Rinhe 2 - 4 ninutes in hit (nin 1550F) deionized water.

G. Blow drv with clean filtceci air, or blot dry with kiinwipe and bag immediatelv.

Ai; h;1.nIdi, dur I f11, " . ;uld be with white cotton or synthetic iib-cr • I' :

7, Put the spcitnicns in an ali circulating oven for I liour at 800 3C k: piit'ilWy thl
rpreci nlens it, tihe hurii lity test chanmber.

Test Pi"-r','hre - "Iu' tilTh Keithey Eltitu,1lete. ., Power Supply and the VTVM or Megohm-i,', ,-iiI sufficiently allead of t t (, allow a ,;arm-up period of 30 minutes. GTround tile spev inliens at .11i
times. Ref.'r ti Filuame No. 42 for the basic electrical hook-up circuit. TL inititre tczting the

speciniel i. energ,.:ed with 500 volts for one minute before the current is read. •easurin'g the
insulation resistance by the indirect method enables an accuracy of t 6%0 at 101iq ohms range to be
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reached (curl.nt measured 'with a Keithley Slect 'on i- Mode! 61OA), A the end of *:.h cur rent I
reading the specimen just tested is grounded before the next specimen is measured. Th;: 5(10 volt
hue voltage is monioored continuously with a Hewlett-Packard Model 41 2A VWitmeter. feecrrirng
to Figire No. 42, chi•unre leads 1 and 2 for measuring volume resistance. The insulatioa meabure-
nleirts are- performed by guarding the back electrode and applyng tic porencial Uw!'.. - ,t:.
and center 1;irig Of the bullseve pattern. Those insulation resistance, test piateras that are n(;t ,-,f a
buhll.eye pattern design, the insulation readings are performed by applying thV p teanal a'rs
opposite leads of the respective test pattern. In, this case it is a two-electrode system -nit , I
three-electrode system when rniasuring insulatiorn resistance with this type of pattern ciesigrn.

1
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